
' 1  

J E T  P R O P U L S I O N  L A B O R A T O R Y  

C A L i F O R N l A  ! N S T l T U T E  O F  TECHNOLOGY 
P 4 5 4 r ) E N A  C A L I F O R N I A  



NATIONAL AERONAUTfCS A N D  SPACE ADMINISTRATION 

&$fl CONTRACT w. NASw-6 

1 
ASTRONAUTKS INFORMATION, 

91 

L 
/ 

LITERATURE SEARCH NO. 308, 
ELECTREVSJ 

c 

J E T  P R O P U L S I O N  L A B O R A T O R Y  

P A S A D E N A .  C A L I F O R N I A  

, C A L I F O R N I A  l N S T l T U T E  O F  T E C H N O L O G Y  - --. - -  - *  

I 

February 1961 

t 



\ 

/ \ 
\ 
\ / 

Y 
\ /  

I 
/ 

/ 
/ 

/ 

L I T E R A T U R E  S E A R C H  NO.  308 / 
/ 
I 

/ 

E L E C T R E T S  
- - - -  - \ 

~ ! 

J E T  P R O P U L S I O N  L A B O R A T O R Y  
C A L I F O R N I A  I N S T I T U T E  O F  T E C H N O L O G Y  P A S A D E N A ,  C A L I F O R N I A  

I 
I 

/ 

FEBRUARY 1 9 6 1  



Copyright 1961 
Jet Propulsion Laboratory 

Colifornio Institute of Technology 

‘C 
I 
I 

I 
I 
1 
I 

Q 



i JPL LITERATURE SEARCH NO. 308 

FOREWORD 

The phenomenon of a permanent or long-lasting charge occurring in 
rorne dielectrics after application of an electric field has been known 
for inany years. In 1892, Oliver IIeaviside proposed tiit iiahe “electret” 
for such a dielectric. Thc niost common11 known electret materials are 
waxes, polymers, and ceramics, although some wl,stances such as 
sodium chloride and sulphur have also 11er.11 found to exhibit electret 
propertic\. Electret properties are 1)elieved to I,e deptwdent 0 1 1  thc 
ocwrrence of me,  or the interaction of both, of the following effects. 
( 1 a hetertwharge, whch is essentially a diclectric ahwrptiort ( dlie to 
ion migration, dipole orielitation. or hlauwt4l’s microscopical hetero- 
gcneities) frozen-in throughout the volunie of the ywcimeri; and ( 2 )  a 
homocharge, which consists of a persistent ionic surface charge depos- 
ited h! electrical breakdown of the interface lwtwen the electrode 
niid the dielectric.. 

Ilrtring recent years a special iiitcwst ha\ tweii sliowii ill tht. theor).. 
properties. and possible uses of electrets. At the request of persorinel 
of the Jet Propiilsion 1,~i)mratory ( JPL) ,  a compilation has beeit made 
of recent references 0 1 1  the sulycct, together with a sampling of earlier 
reports. The literature search is puttlishtd for distribution to other 
interested organizations working in the field of astronautics. 

The inaterial is divided into two sections: 

Electrets. This section includes theory, properties, production, 
and uses of electrets. Reports (including patents) are arranged 
alphabetically by originating source, and open literature ( including 
periodical literature, hooks, and conferences ) is arranged chrono- 
logical I?. 

Associated Subjects. Topics such as general polarization theory. 
dielectric behavior of the pertinent materials, and variation of prop- 

erties with an electrostatic field are only sampled 
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The following sources were consulted: Chemical Alis-fructs, ( C A  \. 
1946-1958; Physics Abstracfs (PA ), 1946-Noveiii~>er 1960; Engineer- 
ing Index (EI), 1955-1959; Electrical Engineering rilwtracts ( E E A  ) 
1946-1959; A m &  Services Technical Information Agency, Technical 
Abstract BulIetins ( ASTIA ), through December 1960; JPL Transla- 
tion and Subject Files; Journal of the Franklin Institute, 1960; Reoietcs 
of IModem Physics, January-July 1960; journal of Physics and Chcmis- 
try of Solids, 1960; Juumcrl of Polymer Science, January-August 1960; 
Pliysical Review, January-November, 1960; journal of A p p l i e d  Physics, 
1960; A p p l i e d  Scierrcc und Technology Index ( AS&T ), 1958-Januar). 
1961; Soti4t Physics-Solid State, 1960; Sot3et P h  ysics-IETP, 1959- 
1960; Technical Translations ( T T ) ,  January-September, 1960 and 
Decemher 13, 1960; Modern Plastics, Ifarch-August 1960: Review of 

Scientijic Instruments, 1959 and 1960 (except June and December } ; 
Journal of Physical Chemistry, 1%9 and 3Iarch-July 1960; Iournal of 

Chentical Physics, 1959-1960; The American Ceramic Society Bulletin, 
1959 and January 1961; ]our& of the Ametican Ceramic Society, 
1959-January 1961; Ceruntic Abstracts, 1SSJanuary  1961; and mis- 

I 

cellaneous ueriodicals. 

Abstracts found in the reference sources are presented, and an 
author index is provided. 

The compiler wishes to acknowledge t h e  assis tance of 
Robert J. Garher and Dr. Rohert E Landel of the Jet Propulsion 
Latmratory in the arrangement d material. 
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ELECTRETS 

Reports 
1. AN ELECTRET HYDROPHONE 
Cook, E. 0. 
December 8-10, 1952 
Defence Research Board, Canada ( In  cooperation 
yith the Naval Research Establishment ) 
Fourth Symposium, Physics 5 
AD-11,239 

.\ h p t :  o f  Iiydrophonc is dcscribcd u.hicli i i w s  clwtro- 
static indiic,tion cleIivcd from the  pcv-niaricmt vlectrtistatic 
field of an t~lrctrc~t. The nmving chiicnt is a circular 
irietal pl;itc. \\ . l i ic. l i  is clarnprJ aronnd its iwriplicry to 
one cnd of .I c! 1lndric.aI hr,tss ( x s c - .  The plittc d i a r n e t t a r  is 
i . G  ern. a n i 1  tht. tliichr*ss is 0.0.W in. Ont* f,i(.c. ( i f  tlir. 
eltytrc-t (9-cm diani. h!. O.6-cni thick) carries ii thin met:il 
disk to \which a massive platc is att;iclirtl l)!. x i  irisiilatinq 
ccinc\iit. Tlic oppositt. f x v  is p l ~ c ~ ~ l  within a few mils of 
the (~lampcd diaphragn. E\pt.riinents sho\vcd a 0.005- 
cm aniplitiidc o f  vibr,ititm of tiit, disk at 155 c. Discus- 
sions ;ire included of  tlie 1ine;~r relatioiidiip 1wtwec.n 
tlie o u t p u t  volt;ixtz and disk aiiiplitiide. tlic frtyricmcy 
rc.s~x)nsc antl sensitivit!,, and thc propertits n i t d  manit- 
factiirr- of c.l(~trets. (ASTI.4) 

I 

3. RESEARCH STtTDIES O N  ELE;C:lRETS 
 isema em an, C:. C., Feaster, C., Iloori, R., et al. 
February 1-May 1.5, 1951 
K:IIISRS, t’niversity of .  Lawrence 
Quarterly Progress Report 1, D.4 36-039-sc-546’7 
TIP V 18,495 

The investigation \vas made IO wnduct stridies dirccttd 
toLvard tlie development of c.lwtrc.ts, tliereby Icarniiig 
their ftind;tment;tl nature and iri\x.stipting the frasibility 
of their iisc in elec.tricii1 devices. Apparatus \vas p i i r -  

cliased, designed and h i l t  to test \-arioris rlectret sub- 
stances ;tiid t ( J  recrjrd tlicir behavior a s  a function of time 
tinder vxioris conditions of humidity, trmperatiire. ctc. 

4. RESKARCH STUDIES O N  ELECTRETS 
iVisenian. G. G., Feaster, G. R., Wild. J., et al. 
%lay 15-.4ugiist 15, 1951 
Kansas, Vniversity of, Lawrence 
Quarterly Progress Report 2. D A  36-039-sc-5467 
TIP IJ 19,444 

A n  ;tu tc irnat icalI!- rocordi ng iiistrrimcin t to rne;isiire elec- 
trct c ~ l i . t r q t ~ s  tliis l)c.cm hitilt iiround a Bro\\.ri clrctronic 
strip-cti.irt rc.eorder. TIiis instrument has continuouslv 
rcwmled tlw d lwt s  of gamma rays and humidity tipon 
both clcctrc,ts and ordinary frictional cliarges. A crude 
e1ectrt.t inic-rcqhoiic viid a crude. dosimeter f o r  gamma’ 
rays 11n\*e lw(*n inadt. to operate'. 

6. HESEARC’H STLWIES ON E1,ECTRETS 
Rauiriann, N. P., Brown, H. P., et al. 
Novcniber 15,1951-Fehruary 15, 1952 
Kamas, iTr i i \  ersity of. Lawrence 
Quarterly Progresr Report 1, DA 36-039-sc-5467 
TIP t’ 21. 338 
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7. I1ESI.:AFIC€I STLJDKS ON ELEC .I”ETS 
Raurnann, N. P.. Brown, 11., Feaster. G .  R., et  al. 
February 15-May 15.1952 
Kansas, University of, Lawrerice 
Quarterly Progress Report 5, D A  36-039-SC-5467 
ATI-157W 

A vaciiiini ;ind pressiirc sy5tc.m has hrcn huilt to Intiis- 
tire c.1wtrc.t c liarges over a wide range of prt.ssurc. Tests 
have betw run on a number of biphenyl compounds, and 
somr of  them produce electrets. Dielectric constant and 
loss f:ictor nw:tsiirc.ments havr. her11 completed on three 
electret r n ~ t c ~ i a l s  (Ccalva t:-7, k)lexiglils, and carnauba wax) 
and on on<. nonc.lrc.trct (par;tffin). Thv rrsrilts have becm 
used in untl~ntanding thc. natiire of ii heterocharge. 
Some dc :il)sorption mc.asurenteiits have also hetm made. 
Prtliminar!- stiidics of an electret earphone, and elrictro- 
magnetic r : ~ l i i i t i o i t  froin a sparking elwtrctt are reported. 

8. HESEAHCH STUIXES ON ELECTRETS 
Rnumann. N. P., Feaster, 6. H., Prosser, F. W.. et HI. 
h h y  i%\ugust 1% 1952 
Knnsas, L’nibersity of, Lawrence 
Quarterly Prbgrehs Report 6, D A  36-039-sc-5.167 
ATI- I 659 18 

9. 

10. 

2 

RE;SEAH<:H STUI>IES OK ELXCTRETS 
Feaster, C.. K., Fisher, J. S., Levi. M. W., et al. 
August 15-November 15, 1952 
Kansas, University of. La\rrence 
Quarterly Progress Report 7, D A  36-039s~-5467 
‘EIP u 25,469 

RESEARCH ST‘IIDIES O N  ELECTBETS 
Feaster. G. H.: Fisher, J. S., et al. 
November 15,19,52.-Fehruary 15,1953 

Kansas, Lrniversity of, Lawrence 
Quarterly Progress Report 8, D.4 36439-sc-5467 
AD-6,42 1 

Tlie ftindaritent.tl natiirt- uf electrets is being studied 
as \\.ell as thv feasibility of their itpplic-ation in electrical 
devices. Elaetrets manufacturd and measiired in a 
vacuiini showed a larger heterocharge and a smaller 
homocharge than those prepared and measured at atmos- 
pheric prwsitrr. Strong electrets with half-lives of four to 
eight houi-s \vere prepared front hariiun titanate. Equa- 
tions were derived .which showed that an electret with a 
large dielectric constant e m  hold ;i large s u r f ~ e  charge 
\vithout the occurrence of an interfacial breakdown at 
atmospheric pressure. The molding charge appearing on 
polyvinyl .tr-e,t;tte aftc’r the stripping of aluminum foil 
showed no (kfinite dependt;ncc tipon stripping tempers- 
trire, cooling rate. or molten time. A n  analysis revealed 
that the optiintim scvisitivity of mi elrctret microphor~e 
should (wciir with equal electrical thicknesses of the air 
gap and the elwtrct. (ASTIA) 

11. RESEARCH STUDIES ON ELECTRETS 
Wiseman, G-. G. 
Febniary l5-June 15, 1953 
Kansas, I’niversity of, Lawrence 
Quarterly Progress Report 9, D.4 36439-SC-5467 
.\D-17,3 17 

Tests sIio\vecl polyetli).lene to be an excellent non- 
absorp t i3  dit-lwtric in ntltich otiit2r materials c01ild be 
tlmhtdd for study. At  -~ 20‘C and t&w, the reversal 
of a carnauba-wax electrvt was completely arrested. At 

+~ 1O‘C a bartcly perceptible change in cliargr otrurred, 
wliile at room temperature it reversed in the norma! 
fashion. The  heterwharge cliaracteristics of elcctrct sub- 
stances were crprtwcd in terins of a quantit). cded  the 
intrinsic polarization func.tion. The dissectible wpacitor 
techniqut. devrloped for c4ectret measurements W’HS 

applied to ttte ineasurcrmwt of this function. An electret 
of C t h a  17-7 liiiilt and mtwured in a vacuum of 10 ’ mm 
of 11% attainctl i i i i  ;tpp;irt’nt siirtiict. cliarq! density of 10.‘ 
couilomh e111~. Anoin:i1t)ris intc-rfacial leakage currents 
were ohservcd in these experiments. The minimum 
enerq’ r tq i i i r  t d  to cause pyrolysis of lead ai.& was 
measured for  point-to-plane and ball-to-plnnc electrode 
configtiratiorrs. D(wmposition was initiated wit11 a spark 
energy of about IO-’ joule u i th  a .‘J-mm-ratliits ball. 
(~ASTI.4) 
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15. RESEARCH STUDIES 0% ELECTRETS 
!Viseman, G. G.. Byers, D. H., et al. 
ZIarch l-May 31, 19% 
Kansas, University of. Lawrence 
Quarterly Progress Report 13, DA 36039-sc-5467 
AD-37,327 
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An anulytical eqmssion was obtained for the intrinsic 
polarization function of carnauba wax at 4O-'C, Tlw 
behavior of an electret, wit ti and witlioiit honici(~1iargv. 
was predicted by using this rspression as a h i s :  (qwri- 
mental and 1)rtdicted values u w e  i r i  rtgrwnicwt. Tcst 
rcsults indicated that an EtOH-paraffin mixture eshibits 
ordinary dielectric loss ;it audio freqiiencies near room 
te~npratrire;  this loss, however. goes over to thr long- 
time. persistent polarization characteristic o f  c.lrctrrts 
when the mixture is cooled by liquid N. BaTiO., con- 
tinued to show very strong and pc-culiar txfftbcts as 
an clectret; some of these effects \vt:rtA euplaint-d by 
assuming that electrical discharges occur across tltr 
tlirlectric-electrcHe interface. hle;isurcments o f  H;iTiO, 
and carnauba Lvax elwtrets, with antl u i t l i o i i t  c,vnl)oratcd 
metal surfaces. indicated that thr piilsc~s from polarized 
RaTiO, originate from disclrargrs across tlir. t l i tktric- 
electrde gap; prilses from polarized canraiihii u*;ix. 
however, originattd in the volume of  tire dic4ectric. 
Heterochargc. plarizatiori of polyethyltmr was obstwwi 
in vacuum when strong fields \yere applied. (AST1.4') 

16. RESEARCH STUDIE!S ON ELECTRETS 
Wiseman, G. G. 
February 15, 1951-August 31. 19% 
Kansas, University of, Lawrence 
Quarterly Report 14 (Final), D A  36-039-sc-5467 
AD-50,935 . 

I .  

Improved methods for preparing and measuring elcc- 
trcts under controlled conditions \\'c'tc* th~eloped, arid 
conditions for accurate mrmiirrmcnts w t w  formiilatcd. 
'4 study of the electret proptBrties of I7 piire siiflstancss. 
22 plastics. ;ind 1 9  mixtureas reveald no rc4iahlc correla- 
tion b t~ tuwn  tlie clicnrical nlitiirc, o f  t l i t .  \ribstances and 
their e1cctrc.t prolwrticx Crystalline alipimcwt. as re- 
vealed by X-ray diffraction. is nejtlwr a ncwswry nor  :I 

sufficient condition for a sribstanw to possess t-1cctrc.t- 
forming propertic-s. A two-cltarge theory \\as formulated 
in mathenutical terms wltich expliiins e1t'ctrc.t brha\.ior 
in tcrms of dielectric propclrtics and \\.tiich takes into 
account the lioniocharjit~-liett,roclIargt~ intcmction tliroi igh 
tire static field cqiiations for the electrc.t-t'lt.ctrodr. sys- 
tem. A niiniber of evperiments \{we p i d o r r n t d  to test 
implications of the theory and to fiirriisli data for the 
prac t icxl s p pli ca t ion of electrets . Thest. in cl I I (  1c.d O ~ S ~ I  - 
vations of the dfects of ttmpcvaturc., ionizing radiation. 
surfacc.-Iajc.r rcnioval, Iiumiclity, pressiirc \ x i a t  ions, antl 
tlic r e m o \ d  of the short-circiiiting vlrctrodes. TIw ful- 
h y i n g  electret devices were constructed: radiation 
closimettw, microphones, R spark initiator for ruplosives. 

17. RESEARCH A h i  DEVELOPMENT STUDIES 
OF ELECTRETS 
Wiseman, G .  G., Beeler, J. R., hierts, A. L. 
September 1-November 30 ,192  
Kansas, University of, Lawrence 
Quarterly Progress Report 1, DA 36-039sc-63111 
AD-54,792 

.in attrmpt \vas maclv to c.l;trif!, the relationsliip tliat 
exists 1)tStwccm the electret t b f f  ect a n t i  the ctmnical riatirre 
of the  sii1xtanct.s ustact. Soinc, anorniiloiis c4fwts were 
obtained \vith RaTiO clrctrcts. Experiments \ w r e  con- 
duotcd to obtain a rrorinal ib1t~trt.t rcwrsal at hight~ 
polarizing \.oltages. 7 ' 1 ~  rc:\wsaI to  tlrt. homoctiarge polar- 
it). W.IS rapid and tht.  rtwiltiiig Iiriincdiarge decaytd too 
rapidly wit11 time. Frc~ssriri;ration ;ipplic*tI to nylon was an 
unsucwssfiil nirans of prtB\witirig interfacial discharge. 
during tliv measiiremerits of clwtret cliargc. formation. 
High \'aciiiiin rctardcd t h e  cliargt. trarisfer. hkasure- 
mmt\  (111 plehiglas at 64. C siitnvcd tliat part of tlie 
voliime pnlarization \vas not i-c*\rrsihle; tltis indicated 
sornc coml>inatinri {vith tlrc srirfecc c1i;irgc. Vapors, like 
watcsr. ; t f fcc . tcd  tiit: eitctret< in s t w - r a l  kvays. Water 
a1)sorl)id iir the \ ~ ~ I I I J I I - I V  o f  tlic e1rctrc.t t i a t 1  a profoiind 
eff(.ct. (ASTI.-\) 
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resistivity, changes in volume resistivity, and changes in 
volume poIarizability. This last effed, not previoudy 
observed for electrets, is probably the most pronounced 
one and tests have shown that the general increase in 
polarizability with absorbed vapor is in a large part due 
to the plasticizing effect of the vapor. 

Practical Applications: The electret in an electret 
microphone has decayed faster tLan a ‘‘twin’’ electret 
stored under supposedly similar conditions. The cause 
of this decay is not known. (ASTIA) 

19. RESEARCH AND DEVELOPMENT STUDIES 
OF ELECTRETS 
Wiseman, G. G. 
March I-May 31,1955 
Kansas, University of, Lawrence 
Quarterly Progress Report 3, DA 36439-sc-63111 
AD74,438 

Investigation of Electret Substances: Rosin, contrary 
to early reports in the literature, has been found to 
acquire both homocharges and heterocharges, the mold- 
ing charge playing a decisive role in determining polarity 
in inany cases. By proper thermal and electrical treatment 
typical electret reversals were obtained with rosin. These 
results are consistent with the two-charge, macroscopic 
theory of electrets. 

Study of Electret Characteristics: Tests of two kinds 
were performed which show that the slow component of 
volume polarization in plexiglas which is responsible for 
the electret’s heterocharge is  drastically affected by its 
moisture mntvnt. Data are given which show the increase 
of polarization with moisture content. Previous work 
sliowed that a similar effect in other polymerized mate- 
rials arises from the plasticization effect of the water. 

Practical Applications: The electret microphone was 
rebuilt with a different preamplifier circuit and a new 
electret. The decay of the electret in an electret micro- 
phone is shown to bc a consequence of the air gap exist- 
ing behveen the diaphragm and the electret. (ASTIA) 

20. RESEARCH AND DEVELOPMENT STUDIES 
OF ELECTRETS 
Wiseman, G. G., Friauf, R. J., et al. 
June 1-August 31, 1955 
Kansas, tlniversity of, Lawrence 
Quarterly Progress Report 4, DA 36-039-sc-63111 
,4D-79,205 

Electret Substances: Extensive dielectric-constant and 
dielectric-loss-factor measurements were made on crys- 
talline samples of NaCI, A@, and S. Charging and dis- 
charging currents in NaCl were measured by dc methods. 
No samples showed evidence of orientational polariza- 
tion, and electrets formed from them must be polarized 
by the migration of charge carriers to form a space 
charge. Evidence of slow charge migration was obtained 
by observing the charge and discharge currents of an 
NaC1-filled capacitor by dc methods. Electrets were 
usually formed from S. 

Electret Characteristics: From the two-charge macro- 
scopic theory of electrets, the implication is obtained 
that an electret will form which will spontaneously 
undergo two reversals in the sign of its charge. Electrets 
were formed from carnauba wax and Saran. Each electret 
underwent two spontaneous alterations in the sign of its 
charge while being stored between short-circuited dec- 
trodes. A more definite effect was observed with s. 
S electrets were formed by using ultraviolet light. 

Practical Applications: A reciprocating type of electret 
generator was constructed which appears suitable as a 
substitute for the chemical battery in some high-voltage, 
low-current applications. The model will deliver about 
0.15 pa at 5 kv or about 0.6 pa at  1 kv; the typical opera- 
tion is 0.5 pa at 2 hv. The generator permits the electret 
to be well short-circuited while not in use. (ASTIA) 

21. RESEARCH AND DEVELOPMENT STUDIES 
OF ELECTRETS 
Wiseman, G. G., Coffman, J. W. 
September 1, 19.5PNovember 30, 1955 
Kansas, University of, Lawrence 
Final Report, DA 36-039-sc-63111 
AD-93,215 

Studies were made of substances known to have little 
or no orientational polarization. and electret properties 
were observed in some of them. The effects of water 
vapor and other vapors on the behavior of a variety of 
materials during electrical polarization and depolariza- 
tion were observed. Althoiigh the presence of the vapor 
facilitates charge transfer across the dielectric-electrode 
interface, the major effect on electret behavior is caused 
by vapor absorption into the volume of the dielectric 
bsitli resultant plasticizaticp. Electrets were made which 
utilize the superficial ionization produced by a particles 
and the more penetrating effects produced by ultra- 
violet light. The effects of penetrating X-radiation on 
the polarization and depolari7ation of electrets .were 
investigated for several dielectric substances; the effects 
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are prirnarily attributed to ionization and photoemission 
in the dielcctric-c+ctrde interface. Efforts were directed 
toward irnpro\.ing the electret electrometer and micro- 
phone. A 0.5 pa, 2-kv electret generator was designed, 
built, and tested. The output of the elect~et generator 
compares favorably with those of two devices which were 
considered ar skibstitutes for chemical batteries: the min- 

time relationship similar to that of an electret removed 
from the forming field and discharged between plane 
electrodes. The influence of the long-chain molecules in 
carnauba \va.i and charge migration are discussed as 
possible causes of the greater dipole polarization than 
predicted by thr Debye-hgerin expression. (ASTIA) 

iature electrostatic source and the nuclear 
(ASTIA) 

22 ELECTRETS 
Rohrbaugh, J. H. 
June I-August 31, 1952 
New York University, Washington Square 
College, New York 
Quarterly Report 1, A F  19( 604)407 
ATI-172615 

battery. 
24. ELECTRETS 

Rohrbaugh, J. H. 
December 1,1952-February 28,1953 
New York University, Washington Square 
College, New York 
Quarterly Report 3, ,4F 19( 604)407 
AD-9,521 

25. ELECTRETS 
Rohrbaugh, J. H. 
March 1-May 31,1953 
New York University, Washington Square 
College, New York 
Quarterly Report 1, A F  19( 604)407 

A standardized method of preparing carnauba-was 
electrets to givcb fairly uniform electret strengths has been 
devised. To attain quantitative results. it has been found 
neccssar!; t o  avoid applying the field while the electret 
material is molten .A new method of charge measurement 
which permits measuring the cliarge of the electret with- AD-17,442 

out Iinshltling it at any time lias been tried. Measure- 
ments 011 chargcx recovery are being carried out. The 
mctlrorl of tlischarging witli iron filings sho~vs rinexpectetl 
charactc~ist ics. The discharge currents of electrets undcr 
\xrious cwitiitions art' being measurcd. Discharge cur- 
rent 1.s. time ciirves nieasrircd to date are straigltt lincs on 
loglog piiper. The slopc. depends iipon tlir: dischargt. 
conditicms. 

27. ELECTRETS 
Rohrbaugh, J. H. 
September 1-Xovember Bo, 1952 
New York University, Washington Syuare 
College. New York 
Quarterly Report 2, .4F 19( 604 !407 
AD4544 

.411 expression obtained for the grcnvtli of  the homocharge 
agrcrd \ v d I  \vitli experimental data for carnauba-was 
electrets made at diffcrcnt forming voltages. Initial-charge 
variations which \\we attrihuttd to disturbances of tht. 
surface cliarge in removing thc wax sample from the  
mold liad no apparent effect on the rate-of-charge change 
for crlcctrets formcd at reasonably high voltages { 10 
kv,'t.m). An clectret forn1r.d in a 'i300-v;cm field fiir four 
days at room temperature had a high initial current dis- 
charp. \vhich fell rapidly to that of an electret formed 
at low voltage with lieat-treatment. Iron filings placed on 
the faces of an electret resulted in a discharge current- 

Eupcriments were performed with carnauba-wax elec- 
trets having tliicknessrs of 9, 4, and 8 mm. Field strengths 
varying from Ti to 25 kvi'cm \vtw ~ised. The electrets were 
remo\wl from the forniing fitM and stored at constant 
temperature; their discharge ciirrents as a frmctim of 
time were plottc~l. Tlie total discliarge from a thick elec- 
trvt \vas markedly greatcbr than that from a thin electret 
made at the same field strength. A high dc field affected 
the tlit4tctric constant of the caniauha \vas at tempera- 
tures close to the melting point and at frcquencies below 
about EXK) cps. Thc tlit:lr.ctric constant \vas also affected 
by aging tlie wax at 6WC. Rough measurements were 
made of the thermal lags involved in heating and cooling 
elwtrds. The thermal relaxation time of an electret 4 mm 
thick was a h i t  thrtae minutes. Experiments on two-layer 
electrets sliowcd that a high applied field ciin cause the 
migration of  cliargc? in the wax to form a heterocharge 
under ccrtain conditions. This supports the view that 
hc*terocharge is a space-charge polarization rather than 
a dipole polarization. (ASTI.4) 

26. ELECTRETS 
Rohrbaugh, J. H. 
June I-September 30,1953 
New York University, Washington Square 
College, New York 
Final Report, A F  19( 604 ) a 7  
AD-23,521 

I .  
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Carnauba-wax slabs were prvpared by casting and 
machining them to size. and w'tw then electrified b y  a 
separate process at a tcmperatrire just below the soften- 
ing p i n t  of the wax. The rltctrets were made in thick- 
nesses of 2, 4, and 8 mm at field strengths ranging from 
5 to 25 kv/cm. After the forming field was hirned off, a 
discharge current was observed from the electrets which 
after about one hour varied inversely as a nearly linear 
function of time. The use of a higher forming field 
strength always produced a correspondingly higher dis- 
charge. The maximum surface discharge developed by 
any of the electrets w a s  G X 1Q" coulomb;cm'. A large 
discharge Lvliich persistctl for several minutes was 
obtained from was which \\.as electrified and discharged 
while not completcly solidifitd. The discharge from wax 
elcctrified at room tenipcriiturc, at a low field strength 
(5 kvicm), was dependent on the thickness of the wax. 
Dielectric constant measurements showed two frequency 
ranges in which new types of polarization were develop- 
ing. A type of polarization attriblited to dipole orientation 
had a relaxation time of  about 1 msec at 27°C. Another 
type of  polarization whicli was affected considerably by 
an applied dc field occrirrcd at temperatures close to the 
softening point of the wax. A new explanation of the 
electret is presented which is based on the theory of 
semiconductors. (A STIa) 

27. IMPROVEMENTS IN OR RELATING TO 
ELECTRO3IETERS 
Gemant, A. 
October 2, 1935 
U.S. Dept. of Conimrrcr, IVashington, D. C. 
British Patent 43.5,950 

Electrets art' iirtxl to furnish the necessary electrostatic 
field. 

28. IMPROVEMENTS IN OR RELATING TO 
ELECTROSTATIC DEVICES FOR THE 
INTERCONVERSION OF ELECTRICAL 
VIBRATIONS AND COMPKESSIONAL 
VIBRATIONS IN A FI,CID MEDIUM 
Gemant, A. 
November 21, 19x5 
U.S. Dept. of Commerce, Washington, D. C. 
British Patent 438,672 

A use of electrets in  microphones is presented. 

29. PIEZOELECTRIC TR.4NSDUCERS 
Cherry, W. L., Jr. 
January 16, 1951 

U.S. Dept. of Commerce, Washington, D. C. 
U. S. Patent 2,538,554 ( Issued to Zenith Radio C o p  ) 

Permanent piezoelectric effects are produced in solid 
polycrystalline aggregates (such as Ba titanate or Ba Sr 
titanate bonded with suitable glass-forming oxides) indi- 
vidually possessing piezoelectric properties below a pre- 
determined transition temperature, by maintaining the 
aggregate at a temperature below the transition tem- 
perature, producing a unidirectional electrostatic polariz- 
ing field in the aggregate, and maintaining the polarizing 
field for a substantial time at least approaching that 
required for saturation of that effect. (CA, 1956, #3968d) 

30. RESIN-IMPREGNATED GASFILTERING 
MATERIAL 
Green, H. L., Thomas, D. J., Harris, W. J. 
November 6, 1951 
U. S. Dept. of Commerce, Washington, D. C. 
U. S. Patent 2,573,964 (Issued to Minister of 
Supply, His Majesty's Government of the United 
Kingdom of Great Britain and Northern Ireland) 

A filter material is prepared by combining with animal 
fibers up to 40 wt percent of a finely divided resin, then 
electri tying the resin particles and felting the mixture. 
The resin maintains its charge for a long period if the 
specific volume resistixity is greater than 10" ohm cm 
and if the specific surface resistivity is greater than 1 O I G  

ohms. Rtssins used are rosin-modified tert-butyl-phenol- 
formaldehyde resin (Reckacite lM3), Congo copal resin, 
and polyst>rrene. (CA. 1956, It BzssOh) 

I 

Open Literature 

31. ELECTRIFIC4TION OF DIELECTRIC 
SUBSTANCES 
Mikola, S. 
Matemntikai es Tenneszettudomangi Ertesito, v. 30, 
pp. 3047,1923 

When a condenser is charged, ions of great velocity are 
shot on the wrfacc of the dielectric, forming there double 
electrical layers arid making a. complete condenser of the 
plain dielectric plate. The electrical charge is retained 
for various lengths of time according to the dielectric. 
The follow ing insulating materials prepared by hlikola 
retained the electrical charge obtained in the condenser 
for weeks and months: mixture of paraffin and wax, paraf- 
fin and rosin. paraffin and carbon black, and paper treated 
\vith rosin or paraffin. (CA. 1926, #2447) 
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32. ON THE PERMANENT ELECTRET 
Eguchi, h4. 
Philosophical Magazine, The, v. 49, pp. 17&1&, 
1925 

Eguchi stated that in order to maintain the charge on 
carnauba wax or mixtures for long periods the surface 
must be short-circuited \vitli metal-foil wrapping or some 
similar device. 

33. ON ELECTRETS 
Adams, E. P. 
Franklin Institute, journul of the, v. 204, pp. 469486, 
1927 

Evidence has h e n  ai \-en that the so-called permanent 
electrets of Eguchi art' not pt-rrnanent, hut that their 
polarization dctcays with the time. At  rcmm temperatures 
this decay is too slow to be ohserved directly: but it is 
the decay of the polarization that accounts, at least in 
part, for the presencc of thtt free charges that are 
always observed. At higher temperatures the results tliat 
have been obtained art- consistent with the view that the 
rate of decay of  the polarization increases very rapidly 
with the temperatiirc; so inucli so that the pdarization 
may be almost completely destroyed at a temperature 
which is not lrigli cnougli t o  cause an); appreciahle 
softcming of the waxes tliat form the substance of thc 
elcctrt-ts. 

As i s  to he cywctcd from I.ord Kelvin's liypothc*sis of 
the csusc of  pyroc.lt.ctricity. these c+xtrc.ts liavt) hwn 
show% to pnrsess the pyrodectric property. 

The piymelectric effrcbt. wliich alirays accoinpmies 
the pyrotlectric property. 1i:ts bcm slio\vn to h whibited 
by these electrets. 

34. 

85. 

36. 

AN X-RAY STUDY OF ELECTRETS 
Ewing. 5f. 
Physical Review, The, v. 36, p. 378, 1930 

SPACE CHARGE XIE.4SUREMENTS DURING 
SOIJDIFICATION AND IN THE 'SOLID STATE 
Jaeger, P. 
Annalen der  Physik, \. 21, p. 481, 1934 

ELECTRETS 
Gemant, A. 
Philosophical Muguzinc. The, v. u), pp. 929-952 
November 1935 

Various waxvs, and co~ri~wsitions made by dissolving 
certain materials i n  M ' ~ Y C S .  can be permanently clrctrifietl, 
as sfniwn by f<glichi, h y  application o f  an electric force 

8 

of the order of 5 to 10 kv/cm during the process of COO]- 

ing from a molten state. There are two possible kinds of 
charges: the heterocharge, which has the opposite sign 
to the adjamit polarizing electrode, is robably caused 

more permanent homocharge, which is of the same sign 
as the adjacent polarizing electrode, and is due to dipole 
molecules. The dipoles are oriented by the polarizing 
field, and the contraction due to cooling produces a polar- 
ization as in piezoelectric materials. Acidic materials. 
yielding ions, produce a heterocharge, whereas nondisso- 
ciating dipoles, cliiefly esters, lead to the steady homo- 
charge. Electrtts are tlir electrical analogs of permanent 
magnets, ancl retain tlreir charge if they are kept dry, 
with their free surfaces short-circuited. Electrometers 
and electrostatic microphones are possible applications. 
(PA, 193.5, ftSl9l) 

by ionic space charges, and is of short B uration; and the 

37. DIELECTRIC AETER-EFFECT IN SOLIDIFIED 
DIELECTRICS 
Thiessen, P. A., Winkel, A., Hemann, K. 
Phym'kalische Zeitschtift vereinigt mit dem 
Jahrbuch der Radioaktititiit und EIecttonik, 
v. 37, pp. 511-5243, J d y  15,1936 

Resin-wax mixtures acquire permanent charges if high- 
voltage stresses are applied during the process of cooling 
from the molten state. Thc infliience of field strength and 
electrdc materials OR thest, pwmanent charges i s  inves- 
tigatcd. There are t\vo kinds of cliargrs; (1) with voltage 
strcsses Icss than 10 kv cm a charge is prducwi which 
is due t o  movenients of the ions in the material to the 
elcctrodt~s; (2) i v i t h  stresses greater than 10 kv/cm charges 
of opposite sign are 1mdiiccd due to movements of 
charge-canicrs from tlir c-lcctrodes. Depending on the 
value of the stress applicd during cooling, the permanent 
charges ma). thcwfore lw nf e i t h r ~  sign. (P.4, 1936, 
# 4339) 

38. PERMANENT POLAKIZATION OF THE 
ELECTRET 
Groetzinger, G., Kretsch, H. 
Zeitschrift f i ir  Physik, v. 103, no. 5-6, pp. 337-349, 

' 1936 

Tlir pvrmanent polarization \vliicti is set t i p  in hccwras 
if it is cooled in an electric 6 c M ,  is destroyed upon melt- 
ing. T h i s  ran he slrown by connecting an electrometer 
t o  t\vo c~lt~trodc~s touc:lririg opposite srirfacrs of thc 
"electret." Upon melting, tlit: c4c.ctrometcr registws a 
certain aniorint of  charge. If instc.atl of heating the wax 
to its rnelting point it is kept at interndiate tc~nipera- 
ture, ;i sntallcr ctiargc is forind. I f ,  however, instead of 



solidifying in an tJxternd field, the wax is only c~x~lcut in 
a field from a teinpcr.itrire T tielow the melting point. tht. 
polarization caii be coiiipletely clestro) ed by heating it 
again to the tcmpc~.ttriie r. Applying a h.f. field not only 
heats the substance hut also acceleratcs the depolariza- 
tion. It cannot, Iio\wvt.r. set free more charge than would 
he set free. at tlw same tempcrahire. without the h.f. 
field. (P.4, 1937, f 37 1 I 

39. THERMAL CONDliCTIWTY OF ELECTRETS 
Groetzinger, G. 
Physikalische Ixitschrift cereinigt mit &m 
lahrbuch der Raclwuktirirat rind Electronik, 
Y. 37, no. 16. pp. 58W92. August 15, 1936 

It is slmvn espc.rii~ic~ntally that the electret exliihits a 
greater thc.rni;il conducti\ it!. than the unpolarized sub- 
stan&. This alteration in thtwrial cnnduction is therefore 
a criterion for elcctrtbts and remains in existence \\,hen 
the electret pr(diicx*s no c*lvctrical field. The cmnductivit); 
experiments \ v u ?  carritd orit b?- Schleicrmachcr's method 
and full details arc iriclucled. The rAiilts appear to srip- 
port the hypothesis tliat in a solid body diose molecriles 
possess a permanerit rh t r i ca l  moment, thew is a state in 
which the moment t;ikcs tip a tiefinite clirection witliorit 
the action of a pcmxtncnt c~xterrial field. (PA, 1936, $44767) 
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40. LIBERATIOX Of: ELECTRICAL ENERCP 
DURING THE FUSION OF ELECTRETS 
Frei, H., Croetzinger. C;. 
Physikaliwhe Zeitschrift rcreinigt mit dem 
Jahrbuch der Rudioakticitiit und Electronik, 
v. 37, pp. 720-724. October 15,1936 

It is shon-n that dirrinq tliv hision o f  i i n  ckctrct-niade 
from bets\vax-\vliicli TU) loi1qZc.r prodiices an electric f i c k i .  
a current Ro\vs livt\vwn t u  o elcctrodt~s introtliirc4 into 
it. If the substance -froin \vliich the c+ctret llas Iwcri pre- 
pared had ht.eii ~ J ( J l ~ ~ i i / t ' ~ l  in tfir solid state. thtw the. 
currcnt \vas c~sseiiti;ill\~ u c i k c r .  The total quantity of 
electricity ohtiiintxl diiriilg t h e  fusion is irtdt.pcitdt*nt of 
the tinic \vliiclr Ir;is ~ ) ~ t . s v d  iwtwcwi tliv pdi ic t ion 
(polarization) and fiisiori !dr,polarizatic,ri). If paraffin, a 
nonpolar substancc~. i \  rxposeil t < J  an electrical fit,ltl during 
solidification o r  i l l  111t. solid sta te ,  then in both c * ~ s ~ s ,  for 
eqiial times of (~xposui-t~,  tqual arnoiints of elthctricity are 
affordetl during 1 1 ~ .  frision. -The c~spt~rinir~iits indicate that 
tlie asst~mption ot :in c ~ l t ~ c ~ t r i c : a i  pcdari~ttion in thc. r1cvtrt.t 
bvliicli is intiepwdeiit of tl ic.  time is f t i l f i l l c d  \\ Iirn this 
polarization produces 1 1 0  t , l w  t r i d  fit4cl. S i r w  t !w iiniou n t 
of elrctricity during t l i c  fiibion is proportion;d to t h  fi(4tl 
strength rip t o  I%H\O \. 'cm, a linear rt4ationsliip is indi- 
c a t d  1)t'twrcn tlic.  peIiiiarir.nt p)larization i n  the c*lcctrrt 
anrl tlic. field strcmgtli. (P.4. 1936, ~ 5 6 7 0 )  
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AN IMPROVED M'AY OF blAKING ELECTRETS 
AND FACTORS WHICH AFFECT THEIR 
BEHAVIOR 
Good, W. M., Stranathan, J. D. 
Physical Rmietc, The, v. 56, pp. 810-813, 1939. 

PIEZOELECTRIC EFFECTS IN ELECTRETS 
Williams, P. 
1939 
South Dakota State College, Brookings 
Thesis 

lTSE OF ELECTRETS IN ELECTRICAL 
INSTRUMENTS 
Gemant, A. 
Review of Scientific Instruments, The, v. 11, 
pp. 65-71, February 1940 

4 

An electret is a permanently electrically polari~ed 
material and exhibits an electric field near its free surface 
\vhich keeps undiminished for years. It is possible to 
utilize this field in electrical appliances. Experiments and 
devices on this line are described. (PA, 1940, # 1272) 

44. EFFECT OF PRESSURE ON THE SURFACE 
(.:HARCX OF AN ELECTRET 
Sheppard. C. E., Stranathan, J. D. 
Physical Review, The, v. 60, pp. 360361, 1941 

It  is shown that prc'ssiires lwlow atmospheric reduce 
the maximiim attainahln cliarge dcnsity. Strong electrets 
sturcd at pressrires liiglirr than atniospheric attain 
charges cwnsid{xhly gre;itt.r than 3 X I O  ' co111omb:'rm~. 

45. CRYSTAL STRI'CTURE ,4ND ELECTRICAL 
PROPEHTIES OF LONG-CHAIN COMPOUNDS 
Kakiuchi, Y. 
Institute of Physicnl and Chemical Research, 
Scient+ Papers of the, Tokyo, v. 40, pp. 189-200, 
1943 

An electrical ch4rgc is released when certain long- 
chain compounds so!:difird from their rnclts under an 
elrctric field are warmed again. Type-A compoiinds. snch 
as paraffins, acids, and estrrs, produce no current; t yp -B  
cwnipounds. such as alcoliols, halides, and amides, -show 
a considttrahle peak in  tlir ciirrerit-teinperat~irc curve. 
IIA the X-ray study. thew wcre observed t\vo rings ha\,- 
ing intensit!, maximum in the direction o f  the field for 
the type €3; thr: inncr riiig is enhanced in the direction 
of thtt field and t l w  oritrr ring in the direction pcrpendic- 
ular to  tlie electric firltl for the type .4. I h c c  ty1w-A 
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compounds hci\ e no electric moment. It IS can@tkd by 
the H bonds for aliphatic acid, or by alternate arrange- 
ment along their long chains for esters. (C.4, 1937. 
# m 3 g j  

46. EXPERIMENTS ON ELECTRETS 
Gross, B. 
Physical Recieu., The, v. SS, pp. 26-28, July 1-15,1961 

An investigation of the ciirrents and charges in elcc- 
trcats is described, preceded by a study of the influence 
of temptnture on dielectric absorpticm, since the prepa- 
ration of an c,lectret iisrially involves a lieat treatment. 
The basis of tlie disciission is the l’osttrilate of the eyistence 
of homocharges and heteroc-harges, the former }wing the 
true (surface or space) charge, of the same s i p  as the 
polarizing electrodes, and the latter the true charges of 
the contrary sign. Regarding an explanation of electret 
hehiivior, it is considered that two mechanisms act 
simultaneously: (1) diclwtric absnrption. rckitcd to the 
movement of ions o r  tlic orientation of dipoles in the 
interior of the dielectric, originatrs hetertx3iargc.s, and 
(2) conduction in thc interphase dielectric-elc.ctrodr. 
wliicli originates homocharg-s. ( P . 4 ,  194% #25W) 

47. THE ELECTRETS 
Sanchez, A. E. 
Anales de ma !I quimica, Xfadrid, v .  40, 
pp. 725-737, I944 

Only those electrets ot the Egiiclii type. which cnn- 
tain dipolar molecules. s h v  for a long timv intensc 
charges on their surfaces. after the polarization crirve tias 
gone beyond the time axis ;ind consequently the sign of 
the charges lias been inverted. The Sadzliakoff photo- 
electret, producrd hy the action of a n  cxtrrnal electric 
field, varying the conductivity of the. S \ v t i t ~ ~  illiiminat~l, 
shows only slight polarization in darkness. With the pres- 
ent electrets, formed hy tht: action of an electric field on 
the interface S-wax (prcsumablv diie to van dtsr Waals 
forces), polarization .nf the S apptx;irs to folk)\\- tfic chnr- 
acteristic course with time, witlioiit irivt~sion of  the sign 
of the chargc,. The Grnant test. \vith rrsptact tn  iwvrsion 
of the sign of the chargc. in the Egriclii tlectrets contain- 
ing polar molccules w,ithin f i \ ~  days after its sqmation, 
is confirmed and appears to he a pirzoclcctric eff‘rct. 
From graphs, it is prohable that the process is rcversihlc 
u~lien the limit of rlasticity of the d i ck t r i c  is not 
excc~.ded. The paraffin cltlctrct of the Egrichi type. u i t h  
nonpolar niolec~rlt~s. rciii;iiris slightly polariztd for ;1 long 
time, without shoukg inversion of c1iargr.s or piezoolec- 
tric effect. A glass plat(,, lvhen subjected to tlie action of 

an electric field, rrmuins polarirc~l onl? a fcw minutes, 
tlic pulxiration cun’e conver~irig as) mptotically toward 
the time axis. (CL4. 1956, -ItGFiO-lh) 

48. ON PERMANENT CHARGES IN SOLID 
DIELECTRICS. I-DIELECTRIC ABSORPTION 
AND TEMPERATURE EFFECTS IN 
CARNAUBA WAX 
Gross, B., Denard, L. F. 
Physical Rei:ieu-, The, v. 67, pp. 253-2559, 
April 1-15, 1945 

, 

Isotliermic and nonisothermic crirrcnt-time curves are 
nieasurtd. It i s  shown that a considerable part of the 
absorhed chargca can be frozen in, if the temperature is 
rediiculd to a value sufficientli inferior to that prevailing 
during the charging period before tlir system is short- 
circuited. The frnzen charge dissipates estremc.ly slowly, 
if thc tt-mperatrire is kept low, but it is liberated rapidly 
i f  thc temperature is raised again. Tlie effect is txplained 
by the increase o f  the clrarging and discharging rates 
with increasing tcmperatiirc. I t  is closely related to the 
pt’rmantmt moment of tlic electret. ( P A ,  1945, # 1831) 

49. A SEARCH FOR PIEZOE1,ECI”ICITY ‘4s A 
CAV‘SE OF ELECTRET BENA\IOR 
Clark, E. L. 
1947 
Kansas, tiniversity of. La\\ rence 
Thesic 

50. FORCES BETWEEN MAGIVETS AND 
BETFVEEN ELECTRETS 
Eldridge, J.  A. 
Ainctican Journal of Physics, V. 16, pp. 3s.335. 1948 

The correct relations are d e ~ ~ l o p c ~ d  for forces between 
magnet\; thew also applv to f o r w s  1wtwcc.n electrc4s. or 
permantmtly p o l a r i A  dielectrics wcli iis a pic.zorlech.ic 
crystal under strain. (CA, 1956, 4803.5~) 
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Factors affecting the magnitude of the surface charge 
and the permanency of electrification are discussed. Pres- 
ent theories of the electret are s1iou.n to be inadequate; 
the author considers that Gemant's ionic theory gives the 
best explanation for the formation of heterocharge 
(charge on the electret of opposite sign to the polarizing 
electrodes) while conduction ciurents in the interface 
between electrode and dielectric produce the homo- 
charge (charge of the same sign as the "forming" elec- 
trodes). There is no explanation for the photoelectret. 
Practical applications are briefly discussed. (PA, 1949, 
#6191) 

52. ON THE CARNAUBA WAX ELECTRET 
Gross, B. 
Anah da Academia BraPikira de Ci.&ius, v. 20, 
pp. 247-253, September, 1948 (in English) 

A systematic study of the permanent surface charges 
which lead to the formation of the electret is reported. 
The current in the external circuit and the charge on one 
of the electrodes of the capacitor containing the sample 
are measured during the application of the polarizing 
field and after withdrawal of the field and short circuiting. 
This enables the current across the interface to be split 
into its two components, viz., exchange of charge oarriers 
(conduction current) and internal rearrangement of 
charge and dipole rotation (absorption ciment). An 
improved dissectible capacitor is used. The results are 
shown graphically and demonstrate the coexistence of 
the two types of charges. These may have opposite 
polarities and serve to explain the phenomena observed. 
With a sufficiently Iiigh applied voltage, surface break- 
down occurs, which c aiises the transfer of an ionic charge, 
to the surface of the dielrctrir; with constant \,oltap;e the 
induced charge is seen to undergo discontinuous varia- 
tions. Calculation sliow~ that the highest field tvhich ran 
be achieved under the experimental conditions is -70 
kvicm. (PA, 19-49, $18971 

53. 

54. 

ELECTRETS 
Gemant, A. 
Physics Today, v. 2, p. 8. hlarch 1949 

CERAMIC ELECTRETS 
Dickinson, T. A. 
Ceramic Industry, v. 5% no. 5, pp. 82-64, 1949 

Applications of glass and ceramic electrets to mass 
spectrometers, electrometers, batteries, and microphones 
are proposed. (CA, 19.56. #6798h) 

55. PERhlANENT CHARGES IN SOLID 
DIELECTRICS. 11-SVRFACE CHARGES 
AND TRANSIENT CURRENTS IN 
CARNAUBA WAX 
Gross, B. 
lournul of Chemical Phy&s, v. 17, no. 10, 
pp. S664372, October 1949 

Permanent surface charges are produced in disks of 
carnauba wax by exposure to an external electric field. 
The nature of these charges is studied with a new method 
of analysis, which is based on the simultaneous measure- 
ment of the external current and of the induced charges 
on the electrodes of the capacitor containing the dielec- 
tric. The observed effects are explained by dielectric 
absorption and by transfer of charge from the electrode 
to the surface of the dielectric; this latter phenomenon is 
due to surface breakdown and continuous conduction 
currents. The results provide an adequate explanation for 
the electret. (CA, 1956,4#2302h) 

56. FLZlKA DIELEKTRIKOV (PHYSICS OF 
DIELECTRICS ) 
Skanavi, G. I. 
Gosudarstviennoye Izdatelstvo Tekhniko- 
Teoreticheskoy Literatury, Moscow-Leningrad, 
1949 (in Russian) 

It was sho\vn that the value of polarization current 
rises with increase of initial polarization temperature. 

57. HETEROCHARGE 
Franklin, A. D. 
Physical Review, The, v. 78, p. 342,1950 

A short review is given of a paper presented at the 
American Physical Society blwting held in New York 
City, February 211.19,u). 

58. ELECTRETS 
Swann, W'. F. G. 
Physical R&w, The, v. 78, pp. 811-812, 
June 15.1950 (Letter ) 

A one-dimrnsinnal mathematical treatment of the 
problem of charge storagv by electrets is given, assuming 
that electrets consist of ( I )  a distribution of semipenna- 
nent polm'zation which changes with time, and (2) a dis- 
tribution of surface and volume charge which disappears 
according to ohmic conductivity, and has no relation to 
the decay of the pn1arizatic;ii. ( P A ,  1950, # 7 W )  
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59. AN APPAR4TUS FOR THE STUDY OF nal value -2000 v to zero in about 1% days, then it will 
rise to the positive maximum V, in about two weeks, 
after which it will dcvay to one-third of that maximum 
value in about three years. 

If the electret be exposed to the open air, the con- 
ductivity of the air \vould produce smaller resistance 
than the wax itself, and the maximum woiild he attained 
in about 42.000 seconds after the value V = 0 was 
reached. 

ELECTRETS 
Freedman, L. A., Rosenthnl, L. A. 
Review of Scientific Instruments, The, v. 21, 
pp. 896898,1950 

A vibrating plate tyw of indiiction voltmeter for 
observing the charge of ekctrt~ts is described. 

Bo. ON CERTAIN MA1TERS PERTAINING TO 
ELECTRETS 
Swam, W. F, G. 
Franklin I t~~t i tu te ,  Journfil of the, v. 250, pp. 219-248, 
September 19.50 
(See also Proceedings of the American Physical 
Society Meeting, M’ashington, D. C., April 
27-29, 1950) 

The object is to trace t!w inathematical conseqrienccs 
of the assumption that an c.1t.ctrt.t consists of: (I\ a <lis- 
trihution of polari7.ntion \vhich decays with time, and 
(2) a distribution of surfacc and volume charge which 
disappears according to olimic conditctivity having no 
relation to the decay of tht. polarization. Thr electret is 
sapposeclly provided with metal p1;itt.s permanently 
attached to its surface and to h a w  a thichness of 1 cm 
and a radiiis of 3 cm. Starting with one plate at zvro 
potential and the other ;it :I n c p t i \ ~  potential V,,, sym- 
bolizing in the ordinary terminology the condition in  
which the clcctrrt shows n “hctcrocIiarF;e,” th(* ahsolirtc 
valiie of 1’ drca)-s with tin-it. to zcro. It then rises to ;I 

positive inauiiniirn. aftcr n Ii icdi it again decays \sit11 time, 
ultimately to wro. The fiinctic i i i a l  rt.lation hrtwwn pottvi- 
tial ciifferencc- and tinw is iritkprntlent o f  the chargr 
distribution within thc elt.ctrrat aid o f  its decay. Tht, 
only paramtxtrrs involvctl arc. t i r i b  resistiince H connecting 
the plates and the paramett-r drtvrniining the rate of 
decay of tlie polarization. I h w v t ~ r .  \\.bile the initially 
produccd polarization plays ;I part in determining the 
maximum positii-c pottmtial V,,, attained and wliilr V,, 
plays a part in determining the timc foT the potentia! 
to cliange from t‘,, to zcro, ncithcr of these qiiantities 
plays any part in  determining the snhseqwnt time for 
rise to the masirnuni \‘,,,. I f  the resistance is siich as 
would be determined h y  ordinary ohmic conductivity 
in a suhtance of the normal spwific rtsistanre of a wax, 
if the polarization decays arcording to a factor c n ‘ ,  and 
if  a is IO ser I ,  corrcqx)ntling to a tlccay of tlie pol=- 
ization to 1 ,’e of its initial \.aluc: in about threv years, 
then. starting with IT6, 1 -  - W K )  \’ and with the initially 
produced polarization siich RS to make V,, =-- OOOO v. 
there results the following: \’ w A 1  change from its trig;- 

If, with the conductivity of the wax alone operating 
in determining R ,  we desire a maximum value of V 
equal to 4100 v, it would only be necessary to have an 
initial polarization less than one percent of that which 
woiild be produced by a cnmplete orientation of the 
dipole moments of the molecules of the wax in one 
direction. - 

Expressions are also developed for the case where the 
charge within tlie electret disappears by self-repulsion 
to the plates, in addition to its decay by ohmic con- 
ductivity. Sricli a phenomenon can, of itself, simulate a 
decaying polarization. 

, 
A discussion of experiments pertaining to the field 

outside of the electret is also given. (P‘4, 1951, #1055) 

61. STATIC CHARGES O N  DIELECTRICS 
Gross, B. 
British Jotrmal of Applied Physb,  v. 1, pp. 59-267, 
October 1950 

The author Iias prwi~iisly shown the pmnanent 
“honio” ch;trge ( o f  t he  same sign of the elcctrotle) on 
electrets arises from a transfcr o f  charge froni dcctrode 
to dielectric sirsfaw, oftcn #by discharges. Vsing the 
method of the dcmounta1)le capacitor, this discharge 
process of chargc transfrr has been investigated on poly- 
styreirc-. By assiiming th;it 1)rc:akdown occiirs at a given 
inception voltagr, ptxrsists r i i i t i l  the voltiige drops to an 
extinction \.oltagc.. ;mnd ;iffPr.ts the whole area of the 
electrode and tlic*Iectric siirf;ict, a quantitative explana- 
tion, has heen given of the \.ariation of the charges on 
the elc?ctrcwle ant1 on the dielcctric surface \tlien the 
voltage is varied in steps, i n  cycles, continuoiisly and 
altrrnating. Thcb explanations agree with the current 
theories of &ternal and trxternal discharges. The cxtinc- 
tion voltage is found to not much kss than the 
inwption \:oltage, as opposetl to the low extinction volt- 
ages sometimes or often encountered in inttw~al dis- 
charges. (PA. 1950. ff.796) 
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62. ELECTRIFIED CERAhfICS 
Dickinson, T. A. 
Cm& Age, v. 57, no. 3: pp. 17, 18,3839, 1951 

Materials for electrified ceramics can be fabricated as 
usual and fired at about 2500L’F. They are then charged 
with high-voltage currrnt o f  from 4000 to more than 
W,C100 v/cm. At temperatures below the Curie point, 
dissipation of electrification can be prevented through 
the use of metallic keepers (CA, 1956, #7765i) 

63. THE NOISE OF DECAYING ELECTRETS 
Kojima, S., Kato, K. 
Physical Society of Japan, Journal of t h y  v. 6, p. 207, 
MayJune, 1951 (Note 1 

Barkhausen noise is observed during the decay of 
homocharge, but not during the decay of heterocharge. 
(PA, 19551, #87244) 

64. ON THE ELECTRET 
Kakiuchi, Y. 
Physical Society of Japan, j o u d  of the, 
v. 6, pp. 278-219, July-August 1951 (Note) 

Of the separated components of  Eguchi’s electret mix- 
ture of carnauba wax and resin, only the free was &Y)- 

hols show strong electret properties, although mixtures 
of the other components, e.g., esters and abietic acid, are 
weak electrets. (FA, 1952, #4338) 

6. THE PERMANENTLY POLARIZED 
DIELECTRIC 
Binder, F. 
Zeitschrift fur Naturforschung, v. 6 4  pp. 714-718, 
November 1951 (in German) 

The concept of the electret formdated by  IIeaviside 
and first denicmstrated by Egurhi is discussed and illus- 
trated by measiirf*mcmts 011 polyvinyl chloride using a 
demountablta capacitor. Confirmation that the homo- 
charge is formed b y  discharges between the electrode 
and the dielectric surface is provided by dusting the 
surface with suitable pou.tlcrs. The patterns show that 
the surface is not uniformly charged. Possible applica- 
tions of clectrcts are briefly tliscusstul. (PA, 1952, #i 1T74) 

66. ELECTRET-LIKE BEHAVIOR IN 
BARIUM TITAN.4TE CERAMIC 
Thickens, R. W., MacDonald, R. J. 
Physical Review, The, v. 90, p. 375, 

POLARIZED 

1952 

A summary is given of a paper presented at the Ameri- 
can Physical Society Meeting held at Cambridge, Massa- 
chusetts, January 2244, 19S3. (CA, 1954, #7945a) 

87. ELEKTRETE (ELECTRETS) 
Euler, J. 
Zeitschrift d e s  Verdnes lhutacher Zngenieure, 
Y. !M, no. 16, pp. 481-483, June 1,1952 
(See also Report ATI-153800) 

The similarity between magnetic materials and elec- 
trets is shown. The reason why a dielectric material 
becomes an electret must be that it is made up of 
separate space charges. However, when the surface is 
scraped off, the dielectric charge is not lost. i n  some 
electrets polarity is maintained indefinitely, whereas in 
others polarity reverses in time, the reversal time being 
dependent upon the formation field intensity. Up to 
30 h/cm the surface charge is proportional to the forma- 
tion field intensity. Some practical applications for elec- 
trets, e.g., in electrometers, are discussed. 

68. AN AUTOMATIC CHAQGE MEASURING AND 
RECORDING APPARATUS 
Feaster, G. R., Prosser, F. W., Wiseman, G. G. 
Reoieu: of Scientific Instruments, The, v. 23, 
pp. 763-764, 1952 

An apparatus for automaticitlly recording the charge 
of several electrets a t  periodic intervals over long periods 
of time is described. 

69. STUDIES IN ELECTRETS. I 
Bhatnagar, C. S., Bhawalkar, D. R. 
lndian Academy of Scienceu, Proceedings of the, 
Section A, v. 38, pp. 170-174, September 1952 

The stead y-current characteristics of carnauba wax 
were studied with the view to understanding the mecha- 
nism of formation and properties of electrets. Careful 
investigations showed that the “hysteresis effect” was 
totally absent in steady currents observed while cooling 
and heating carnauba wax under the influence of an 
electric field. T h e  electric field was varied from a few 
volts to 10 kv;cm. The rate of change of current with 
temperature is very small below 7S°C for all voltages 
and increases very rapidly for higher temperatures up 
to the melting point. Beyond the melting point the rate 
again falls. (PA,  19Fj4, # 1 )  Y 
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70. THE HEAT CONDUCTIVITY OF ELECTRETS 
van Calker, J., Arnold, R. 
Zeitkchrift fur Phyaik, v. 132, pp. 318329, 1952 

A number of pure waxlike triglycerides were allowed 
slowly to solidify in a tub-sliaped metal box with long 
parallel sides while an almost iiniform electric field of 
30 h / c m  was applied horizontally across the small 
dimension. After electrets had thus been formed, the 
heat wnductivity depended on the electric field. Since 
completely dehydrated waxes do not show this effect, it 
is ascribed to water droplets frozen in the wax under 
the influence of the field. (CA. 1958, # M a )  

71. TEMPERATURE-REL.4TIOhT OF VARIATIONS 
OF THE PHOTO-ELECTRETS 
Nadzhakov, G., Kashukecv, N. T. 
Zzwstiya M Bulgarskata Akademiya nu Naukite, 
v. 3, pp. 103-115,1952; published 1954 (in Bulgarian, 
with summaries in Russian and German) 

Investigations on the variations o f  the photo-polarization 
due to temperahire variations o f  photo-electrets are prr- 
sented. It \vas found th;tt the main causes of these 
variations are a decrease of the photo-polarizability and 
an increase of  the recornhination of the space charges 
of opposite sign. and also an increase of tlie diffiision of  
the charges of plioto-~larization in the direction of tht. 

electrodes. A t  low temperature-s both processes occiir 
at a very slou. rate and thc polarization eithcxr rtmains 
practically tinchanged or c1tvrcasc.s \ w v  slowly. (P-4, 
195.5, # 4 6 9 )  

72. PLASTIC ELECTRETS 
Wieder, H. H., Kaufrnan, S. 
Journal of Applied Physics, v. 24, pp. 156-161, 
February 19% 

A brief clisciission of proposed c.xplanations for the 
electret effect is presented. Plexiglas. lucite and Iiylon 
electrets were prepared under fields ranging from 19 to 
36 h i c n i  and observed for as long as 2000 hr. The sur- 
face charge densities were measured by electrostatic 
induction, using a commercial ekctronic electrometer 
and a shunt capacitance t o  retliicc the readings t o  a 
masimiim of ‘70 v. The initial state was a heterocharge 
or a homocharge, depending.on thc strength of the form- 
ing field. The steady stat<, was a homochargc in cvcry 
case. Charge densitics as high as 5.5 X 10 I’ mulornb .cm’ 
(16.5 esu) were observed. A plexiglas disk was charged 
at room temperature under a strong field and its siih- 

sequent decaying homocliargt- recorded. The esperi- 
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mental results support the ideas of Mikola and Gross, i.e.. 
the t4stence of two decaying polariiations of opposite 
sen st^ due to ionic migration, one occurring within the 
dielectric, the other across the &ctde-diekctric inter- 
face. (PA, 1953, #3287) 

73. STUDIES OF THE HETEROCHARGES OF 
ELECTRETS 
Wikstrorn, S. 
Arkio for Fysik, v. 7, Paper 20, pp. 213-220, 1953 
(See also Ericaaon Technics, v. 9, no. 2, pp. 225-234, 
1953 1 

Heterocharged electrets of carnauba wax have heen 
studied from the following points of \ iew: the depend- 
ence of the charging and discharging rate! (311 tempera- 
ture, influence of a dc field at room temperature on a 
preparcad electret, influence of pressure during charging 
and discharqing, influence of polarization on the ac 
capacitmcc and loss angle. (EEA,  1954, #2041) 

74. FUNDAMENTALS IN THE BEHAVIOR 
OF ELECTRETS 
Swam, W. F. G, 
Franklin ltwtitute, ]ournu/ df the, v. 255, pp. 513430, 
June 1953 

The paper citw certain rcsrilts o f  an cwlier paper by 
the writcr in uhich are traced the consqwnc‘ts of the 
assumption that an e1rctrc.t is cliaracterized by a state of 
polariznticrn, scvnipcrinancnt i n  t h e  stwse tliat it c1ecay.s 
\ w y  slon.ly with time. Tlic ( L ~ a y  taktbs place under the 
influence of  an ohmic condiicti\.ity. 

The hehavior of the dirlectric in  the case of an expo- 
nential dcca), is detcrmincd b!. the initid polarization P,,, 
M.hich may \.ary across the ekctret; thc initial potential 
difference L’,, bthtwectn t h e  s1irfacc.s of the electret; the 
coc’fficient. a. i i i  the exponential d t ~ a v :  and the quantity 
RC rqxesenting the product of the resistance and capac- 
ity associated uith tlir rlectret. 

In tlie present paper it is demonstrated that, in the 
case of a n  elcctret which shoivs a maximum in the curve 
rtp-esenting potmtial differtmce bet\vtym surfaces plottcd 
iigairist time. all of  the forcgoing qiiantities may be 
obtained from measuremrmts of the initial potential tlif- 
ferencc. the niaximiim potential differcmce, the time for 
‘tlie potc.ntial difference to f s l l  to zero, and the time 
for i t  to attain its masimuni. ‘I‘he t h t w y  of the matter is 
extmded to the case where the st.mipwmanent polarim- 
tion is represc~ntd hy a finite or infinite, nilinher of con- 
tributions, each l i av in~  its o y  particular relaxation time. 
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The question of what determines the initial potential 

difference after tlie electret is rcmoved from its forming 
plates is discussed. It is shown that a reasonable under- 
standing o f  the facts can br. obtained qualitatively and 
qiiantitatively by assuming that on separating the plates 
slightly from the surfaws of the electret, the charge 
densitics retained by the  plates are limited by tlie condi- 
tion that the resulting field in the air space is less than 
the breakdown field in air, at the moment o f  separation. 

75. PLASTIC ELECTRETS AND THEIR 
APPLICATIONS 
Wieder, H. H., Kaufman. S. 
Electrical Engineering, v. 72, no. 6, pp. 511-514, 1953 

The electret effect in highpolymer plastics is described 
arid Lu,mp;-ued to published datal on the b e h a i h  of wax 
electrets. The resiilts indicate thc. existence of large ionic 
polarizations, gn ing rise to an essentially constant exter- 
nal electric field. Some engincering applications of 
clrctrets are disciiwd and limitations presented in terms 
o f  currcnt knowletlgr of electret phenomena. 

76. INVESTIGATION OF LASTING POLARIZATION 
PROCESSES IN GLASS AT TEMPEKATURES UP 
TO 70% 
Kosman, M. S., Paranyuk, R. T. 
Z h u d  Eksperimentalnoi i Teoreticheskoi F i i k i ,  
v. 2-4, no. 6, pp. 721-729, 1953 (in Russian) 

Prescmts gra~~l icd  results o f  in\,estigations on the elec- 
tric properties o f  glass at room tvmperature, conducted 
by using the folhvirig methods: (1)  transverse electric 
field applied to l e  films (on mica and glass); (2) self- 
discharge of the intlividrial t h n e n t s  of an ttqtiivalent 
system; (3) direct detrrmination of the plarization 
capacities, and (+ pobo measurements. It has been 
found that chargrs induced on aindensw plates may 
decrease altlio~igli polarization charges in the dielectric. 
remain iinc.hangec1; the transverse-field method enables 
the lasting polarization processes to be detennincd in 
glass at relativrly low temperatures (17-47W); and the 
conductivity of botli thc glass and n - A g 3  may be of 
cltzctronic nature btx-ausc: the large low-voltage polariza- 
tion capacities revcded cannot be attributed to ionic 
processes. (P.4, 1954. #11035) 

77. THE CASE OF CHARGED DENSITY 
DISTRIBUTION VERSUS SEMI-PERMANENT 
POLARIZATION AS A BASIS FOR ELECTRET 
BEHAVIOR 

S W a M ,  W. F. G .  
Franklin Institute, Jouml  of the, v. 256, 
pp. 167-176, August 1953 

A distribution of volume and surface charge densities 
of total amount zero is the equivalent, in regard to the 
field produced, of a suitably chosen distribution of polar- 
ization. X formal proof is given. The distribution of 
polarization lacks uniqueness to the extent of any con- 
tribution which, considered as a vector, is not derivable 
from a potential. It is shown that, if an electret were 
composed of ordinary charge distributions, its effects 
would diminish by -50 percent in one to two days on the 
basis of any reasonable assumption for the conductivity 
of the medium. Electret behavior must thus be based 
upon assumption of  a semipermanent polarization decay- 
ing in a manner independent of conductivity. The effects 
observed can be regarded as arising from a lag in the 
action of conductivity in providing for a cancellation of 
the effects of polarization at each instant. An explanation 
is given of tlie fact that the polarizition, regarded as a 
submacroscopic distribution of charges, is itself not 
annihilated by the conductivity with a time constant 
appropriate thereto. (EEA, 1954. # 1060) 

78. ELECTRETS 
Wiseman, C,. G., Linden, E. G. 
Electticti1 Engineering, v. 72, no. 10, pp. 869-872, 
October 1953 

Electrets are disr1isst.d from the viewpoint of their 
measurement, materials from which they can be macle, 
theories cvnwrning their formation. and practical appli- 
cations. It is concluded that the sign of the electret charge 
depends not only on chernical composition and structure, 
brit also on electrical and thermal treatments. 

79. ELECTRET 
Yamanakq C. 
Physical Society of fapan, f o u m l  of the, v. 9, no. 3, 
p. 425, May-June 1954 (Note) 

The behavior of carnauba wax electrets depends on the 
amplitude of the “forming” voltage. (PA, 1955, #924) 

80. ELECTRETS AND THEIR APPLICATION IN 
ELECTRICAL ENGINEERING 
Nazarov, V. G. 
Elektrichestoo, no. 7, pp. M 2 ,  1954 ( in Russian ) 

An account of the discovery of electrets and classic 
investigations by Sato Eguchi and Kurchatov introduces 
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a brief and concise survey of the characteristics, and 
prewnt and possible future applications of these devices, 
followed by information on their production. ( E E A ,  19S8, 
# 257) 

81. ELECTRETS 
Keller, K. J. 
Electrotechniek, G. 32, pp. 289-294. July 29, 1954 
(in Dutch) 

Explains their physical properties and the method of 
production. Tlic. possible practical application of electrets 
to an electrostatic high-voltage generator, ac generator, 
electrostatic wlciilator. rlectrometc~ wndenser-micro- 
phone, and high-\ oltage vgltmetcr are outlined. (EE.4, 
1Yts4, #50,53) 

82. THE ORIGIN OF HOMOCHARGE IN 
NAPHTHALENE ELECTRETS 
Baldus, W. 
Zeitschrift fur angetcandte Phym’k, v. 6, no. 11, 
pp. 481-489,19!54 ( in German ) 

An accwunt of apparatus for p repa~  ing electrets tinder 
controlled conditions using metallic and nonmetallic elec- 
trodes, Lvith details of the variation with time of tliv 
ht.tercw~hiirgt. and homocharge and the magnitude. of 
the homor:h:irgt. a t  differtwt depths ttelow the surface. 
‘The spctc.c~-chnrgt~ distriI)iition in the interior of elrctrets 
is disc.rlssec? ttircwetic;~Il!,. (fi;k::\. 1HS, Y 11 16) 

83. ELECTRICAL NOISE PULSES FROM 
POLARIZED DIELECTRICS 
Baumann, N. P., Wiseman, G. G. 
Journal o f  Applied Physics,  v. 2,s. no. 11, 
pp. 1391-1394, November 1954 

Electrical noise piilses have hctm obser\ycl at elc\.nttd 
temperatures in polari.ted dielectrics (electrets) made of 
carnniiha U’RX arid of a vinyl acetate polymer. I’illsc rat(’ 
vs. time \+as o l ~ s e r \ ~ d  f o r  t4rctrets ht*ated at ;I riiiiform 
rate and the reciilts differ from those previously reported 
b y  others. Expt’rinients ckvist:d to tletcnninr the. origin of 
tlie pulses intlicatcb that they arr associated \vith the 
decay o f  volume i~olsrization ratlier than with r c d  sl1r- 
face cliargc. The total ctiarp: associatcd with tlre pulses 
from carnauba \V;IY rlt-’ctrtBts is at Icikst fivc pcarc*cnt of  the 
maxinriini c.1cctrc.t cllargcx. (PA, 19S5, #t 1797) 
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84. .4BNORM4L INCREASE IN T€IE I)lELECTRi(: 
COPSTANT OF .4N ELECTRET-PQRMLVG 
MATERIAL 
Chattejee, S. D., Bhadra, T. C .  
Physical Review, The, v. 98, no. 6, pp. 1738-1729, 
June 15, 1955 

An electret with its hvo surfaces covered by plate5 
w.hich arc connectcd together presents a situation in 
\vhich the average (zero) field bctween the plates is cwm- 
posed of two equal and opposite parts, oiie due to thcs 
phrizat ion and tlie other due to the ct1argc.s on or adja- 
twit to the plates. Tlwse opposing fields a n  be very 
large ( -  1W v/cm) and as a result, large fluchiations may 
l e  expcctcd in the vicinities of intli\~idii;il n~oleciiles. For 
these rcasons it is suriniscul that tltc permittivity of the 
material ot ail rlectrrt may sliow an abnormal value, 
depending upon “strength” of the electret. The eqwri- 
rncnts descrihd confirm the existence of siich an ahnor- 
rnality. (EEA,  195.5, fM87)  

85. THE %IECII.SNISM OF SOME ELECTRETS 
Antenrn. E;. 
Zeitsrhtift fur atzqrrandte Mathemdik und Physik, 
v. 6, no. 6, pp. 4 7 W 4 ,  November 25, 1955 
( in German ) 

sircmtmts o f  tlic potential distribution 
nW~iii  ea K 3 ’ I .  aiiba way electret sprcimrns arc reported. 
‘I’he nonr!nifr)rnm distritwtion found provides proof of the 
arithor’s (miterition tliat the Iwteroclisrgc in rlcctrrts is 
clur not to  dipolt.s, hiit to ionic slxice-diargc. Iascrs n t w  

t l i c s  r~lectrorlc~s. Rt-asonahle \ d i i c ~  for t h t b  ion c.oncmtra- 
tion ;nit1 mobility are clerivvd. Elcctrtats \vere also made 
from p;iIaffin wax containing small iinroiints of impurities. 
(P.4, 1960. #ISl06j 

86. EXPERIMENT5 ON THE CARNAUBA WAX 
ELECTRET 
Gerson, R., Hottrhaugh, J. H. 
Journai of Chernical Physics, v. 23, no. 12, 
pp. 2381-2388, December 19.55 

-rllc~ strcngth of thc q q h ~ l  rlcctric field, tlw thick- 
ness of thP slab being elettrified, the time of electri- 
fication, and t h r  lot\ ttmper.itiire holding time brfore 
rtwwviiig the ficdd were \arictl for  camaill),i wai t4ectrets 
After ‘ipproxirn‘ttrlv ontx hour the t l i ~  hargtz ciirrcnt 
\ aricd in\ersel) as a pouer of tlw timc 5incr tiiniing off 
the f o i  ining fit4t1, tlrr po\i tbr bring claw to onc ‘fhr 
~n~gnit i idc~  of this c.rirrcnt dept.ntltd on hoth the forrning 
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field strcngtli and on the tlrickness of thc electret A very 
large discliaige \ t n h  obtained when the W ~ X  was electri- 
fied arid discharged while not completely sold. Dielectric 
mnstant nicasiirancnts were made at temperatures 
between 27 and 86 ’C, freqrwncies letwcm 50 cps and 
13 kc. and \vitlr suptqmsed de field strengths in the wax 
of zero, 3700 and 8100 v cm. Thc application of dc field 
was found to raise the dielectric constant at the higher 
ttbmperatures. The case for permanent dipole orientation 
and that tor ionic s p a c ~  charges as the carisc of the stored 
chargc ( J f  tlie electret was examined, and it is shown that 
there are  ohjcctions to each mechanism. An alternate 
explanation is suggested. (PA, 1956, #%071) 

87. REVERSAL IN THE MAGNETIC 
SUSCEPTIBILITY OF AN ELECTRET- 
FORMING M.4TERLAL 
Chatterjee, S. D., Sutradhar, N. G. 
Nnturwksenschaften, v. 42, no. 12, p. 366, 1933 

In recent work Cliatterjtw ant1 Rhadra foriiid an abnor- 
mal incrrasv in the dielectric strength of an electret- 
forming carnnuba \\:;is. A graph is given for a small 
cylindricql vlcctrrt of carnailha wax showing tliat after 
formation of thr elvctret the mabmetic susceptibility first 
rises to nearlj. 6 X IO ’ in 12 days. then drops gradualls 
to the original value i d  4 >( 1 0  in 15 days and remains 
at ii constant negative vahe. This beha\&x confirms tlrr’ 
lilwration of electrons from polarized moleculcs during 
;L s t a t c s  of high field pcrtrirbatioa. The lilwrated electrons 
are, howcvcr, only srmifrec.. Calculatioirs indicate that 
i n  the. case of ixarnatihu wax rmighty fi\e electrons arc’ 
fret. per molcc& to ;ic.cwint for the siisceptibiliv. (CA, 
19.56. # 11744i) 

trtdes prtdrice the best elmtrct with 11. A dc potential of 
1.50 v was applied to the electrodes. (CA, 1957, # 10147h) 

89. HETERODISCHARCE OF ELECTRETS 
OF CARNAUBA WAX 
Froiman, .4. I., Fridkin, V. M. 
Krktdografiya, v. I, no. 3, pp. 342350, 1956 

The change in the magnitude of the heterodischarge 
for an electret of carnauba wax with the strength of the 
polarizing field and the temperature of polarization was 
determined. For electric field strcngths in the range 
21-12 kv;cm there is a linear relation between the hetero- 
discliargc arid field strerigth. The formation of the 
heterodiscliarge has an activation nature. The corre- 
sponding energy of activation is 18,tuw) cal/mole. (CA, 
19X, XTi86 i )  

90. ELECTRICAL CHARACTERISTICS OF THIN 
ELECTRETS PREPARED FROM CARNAUBA 
WAX 
Rhatnagar, C. S., Bhawalkar, D. R 
Sauger Unicersity Physical Society, Research 
Bulletin of the, India, v. 1, no. 1, pp. 10-13, April 1956 

L>rpc.ndtl-rce o f  electric charge on the thickness anti 
tire polarizing field has becn investigateti for electrets 
prepared from camailha was. Tlre results show that for 
elvctrcts of  thickness ICS than 0.1 cm, the charge per 
unit area is constant for fields above 1 kvicm. Electrets 
aho\fe 0.1 cni thickness show a cliarge 30 percent higher 
if the polarizing field is ahow 10 kv,!cm. These results 
arc‘ the same for the tlircca varieties o f  carnauba was 

llsetl. ( F A .  1957. #-t308) 

88. ELECTRICAL CONDUCTIVITY OF CARNAUBA 
WAX WIE% DIFFERENT ELECTRODES 
ARE USED 
Bhatnagar, C. S., Rhawalkar, D. R. 
National Acadeniy of Sciences, Proceedings of the, 
India, Section A, Part I. v. 25, pp. 20-24, 1956 

The variation of cmidiictivity ( I )  of c;irnaiiba was (11) 
\vitli tcmlwrature between 70 and YS0 \vas sttitlied with 
elwtrodes of Sn, Xi, and Cri. I incwaed sio\v!\~ up to 
80* and then rose sharply up to a?, This range of MM3’-’ 
i s  the tctmperature ot transition from solid to liquid for  11. 
I differed wit11 each electrode. I was smallest in the solid 
state with Sn. This e f f w t  parallt.1~ the fact tliat Sn elcc- 

91. THE CHARGES ON ELECTRETS 
Palm, K. 
Erperinlentelle Technik der PhysiS v. 1, no, 6, 
pp. 253-262. 1956 ( in German ) 

The stirface charges which remain after cooling the 
samples irr ail electric field were mcasured for PVC, poly- 
rnethylmethac~ylatc arid polystyrene. Heterodiarges were 
found \vith the two fonner materials, homocharges with 
the latter. Plots of charge density against time are shown 
for a number of polarizing field strengtlis. The effects are 
explained quantitativrly in terms of frozen-in dipole 
orientation (heterocharge) and charge transfer from the 
electrodes (homocharge). (PA, 1959, # 1425) 
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92. NO TITLE 
Skanavi, G. I. 
Tomsk Politekhnecheskii Znstituf, Zzoeatia, v. 91, 
p. 219, 1958 

Polycrystalline inorganic insulators (ceramic insulators) 
are considered. 

93. ELECTROPHOTOGRAPHY ON 
PHOTOELECTRETS 
Fridkin, V. M. 
Ktistallogrcrfiya, v. 2, pp. 130-133, 1957 

On the basis of previous stridies of p1iotot:lectric ptre- 
nomenon in polycr?;st;illine S, a method was developed 
for obtaining images on the photoelectret surface. A thin 
layer of S was vacuum deposited on A1 or Zn plate. Dur- 
ing the deposition process S \vas polarized under constant 
illumination (2.5 min) and applied potential. Gold-coated 
quartz served as a semitransparent electrode. The surface 
charge of the photoelectret was measurable w i t h  a 
dynamic electrometer (diagram of  the circuit given). A 
slide containing a printed image \\pas placed on the sur- 
face and the photoelectret was exposed to light. Depolar- 
ization occurred only within the illuminated area. The 
invisible replica of the image was developed by means of 
the triboelectric effect: the surface \vas cowred with the 
mixture of powdered sand and NaC1; and depending on 
the sib% of the charge in the S layer, the replica of the 
image appeared traced either by sand or NaCl (photo- 
graphs of the photoelectret giwn). The electrophotogra- 
phv on the photoelectret was considered to be analogous 
to magnetic type recording. and the practical applica- 
tions of the phatoelcctret 1vci-c’ briefly discussed. (C:\, 
195S, #1774i) 

94. NEW ELECTRETS FROM INORGANIC 
DlELECTRiCS 
Gubkin, A. N., Skanavi, G. I. 
Zhumal Eksperimentalnoi i Teoreficheskoi Fiziki, 
v. 32, no. 1, pp. 2 6 1 4 2 ,  1957 (Translated from the 
Russian in Souief Physic.-JETP, v. 5, pp. 140-143, 
1957 ) 

It is shown that stable electrets can be obtained from 
polycrystalline inorganic dielectrics, such as the titanates 
of magnesium, ralcii~m, bismuth, strontiiim, zinc. stron- 
tium-bismuth, from barium metatitanate, barium tetrati- 
tanate and from steatite. Results arts presented giving the 
variation of the effective surface density of charge with 
time. (PA, 19.57, #6155) 

95. SOLIDIFICATION 0 tt; PARAFFIN W A X  IN AN 
ELECTRIC FIELD AND ITS CORRELATION 
TO THE ORIEXTATION OBSERVED IN 
ELECTRETS 
Chandy, K. C., Bhawalkar, D. R. 
Saugar Unbersity Phflrical Society, 
Research Bulletin of the, India, v. 2, no. 1-2, 
pp. 3944, 1957 

Solidification of p a r a n  wax under high dc fields in 
two different typcs of apparahls was studied using X-ray 
diffraction techniques. Except for a few cases of slight 
variations of density at some regions of the circumference 
of the diffraction rings, no clear orientation pattern was 
obtained. This is contrary to the rcBports of Bennet and 
of Kakiachi. However, the result is in accord with theo- 
retical prrdictions, in that the nonpolar hydrocarbons in 
paraffin wax cannot be expected to orient in a high dc 
field. Explanations are given for the weak and random 
variations of density of the diffraction rings observed in 
some of the patterns. (PA, 1959. #X%Sj 

96. EXPERIMENTS ON THE POLARIZATION AND 
DECAY OF ELECJXETS 
Wiseman, G .  G., Feaster, G. R. 
Journal of Chemical Physics, v. 26. no. 3, pp. 521427, 
March 1957 

Experiments were made to test iniplications of the two- 
charge theory of t h t r e t s  of Groqs. The theory was con- 
firmed and extcndetl. Tlie persistent volume polarization 
of a number of dielectrics can be exprcssed by analytical 
functions that are linear in the applicul field and expo- 
nential in tune. The lincaar superposition of the effects of 
homochdrge and hettm~charge w AS demonstrated for 
some dielectrics aid was strown to be violated for lucite. 
Tlic lieterocharge and homocharge were different but 
interacting mtitics, their interaction being given by the 
static field equations for a three-layer capacitor. A major 
cause of  electret deciiy is the self-polarization of the 
electret by its own electric ficld. (CA, 1957, #10149c) 

97. X-RAY DIFFRACTION PATTERN OF 
ELECTRETS 
Chandy, K. C., Bhawalkar, D. R. 
Uniuersity of Saugar, Journal of fhe, India, Part U, 
Section A, v. 6, no. 6, pp. 84-89, 1957 

Electrets were prepared from carnauba wax containing 
no added matter. X-ray diffraction patterns were obtained 
from: (1) electrets prepared by the usrial meth(~1; (9) 
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if 
extraneous wax detaclied from the electret, and (3) \VU 
obtained after rcmelting the electret. Thee types of 
carnauba wax were used for this purpose: fatty gray. 
refind fxtt! gr;iy, and prime yellow. Distinct orientations 
were noticed with elwtrtats prepared from the primc 
yellow variety. wvhile the other two varieties showed very 
feeble orientations. Hesides the nonnal rings extra rings 
were observed in cvrbin patterns, which are assigned to 
the silica present in the wax. (PA, 1959, #68US) 

98. IRRADIATION EFFECTS 1N BOROSILICATE 
GLASS 
Gross, B. 
Physical Review, The, v. 107, pp. 368-373, 
July 15, 1957 

Thick borosilicatr. glass irradiated by high-energy elm- 
trons acquires sIo\v-tlrcaying space charges and exhihits 
electret behavior in inducing adjacent conductor charges 
and in giving short-circuit discharges on heating. The 
glass contains a negative electron arrest charge and a 
positive cumpensation charge. (CA, 19Fi8, # 1570b) 

W. EXPERIMENTS ON ELECTRETS 
Polovikov, F. I. 
Elektrichestco, no. 9, pp, 58-59, 1957 (in Russian) 

Prcpnr,ition of electrets is Iwiefly described. Relevant 
data art. given for the follo\ving rnatc,ri.lls: paraffi. 
naplithalenc., sulfur, e1)onite arid plt-uiglas. JEEA, 1933, 
# 1324) 

carnauba wax. The analysis shows that the electret life- 
time can be tlefined as 1, & A i ,  where nf mainly depends 
on the electret conductivity, the surrounding medium 
and the short-circuiting cwndititms, and on l / u ,  where a 
is a parameter specifying the time rate of fall of the 
semiconstant polarization. The values of 1,’hAf and 1 / a  
are calculated for several clectrets, as are the hetero- 
charge and homocharge magnitudes. It is shown that in 
must cases the electret lifetime is determined by I/&M. 
(PA, 1959, #4.557) 

101. THE ANOMALOUS STABILITIES OF NEW 
INORGANIC POLYCRYSTALLINE ELECTRETS 
Gubkin, A. N., Skanavi, G. I. 
Zhurnal Tekhnicheskoi Fiziki, v. 27, no. 9, 
pp. 1969-1970, 1957 (Translated from the Russian 
in Soviet Physics-Technical Physics, v. 2, no. 9, 
pp. 1825-1826, September 1957) 

Previously stated conditions for storing electrets so as 
to maintain the charge o w r  long periods are briefly 
reviewed. Electrets made from ceramic materials have 
been found to retain the. majority of their charge without 
the need for sliort-circuiting them with metal foil. Results 
are given for the variation of homocharge on calcium 
titanate electrets stored in both the “short-circuitcd” and 
“open” conditions for a period of eight months. The elec- 
trets had specific conductivities of 10 I P  to lo-“ ohm-’ 
cm-’, and .so in the “open” condition they should have 
discharged completely within a few minutes. (PA. 1959, 
45664; 

102. INFLXXNCE OF EXTERNAL TREATMENTS 
ON ELECTRET BEHAVIOR 
Wild, J. W., Stranathan, J. D. 
Journul of Chemical Physics, v. 27, no. 5, 
pp. lOSS-lOS9, November 1957 

100. THE PIIENOhlENOLOGICAL THEORY OF 
ELECTRETS 
Gubkin, A. Pi. 
Zhlrnlal Tekhnicheskoi Fiaiki, v. 27, no. 9, 
pp. 1954-1m, 1957 (Translated from the Russian 
in So&t Physics-Technical Physics. v. 2, no. 9, 
pp. 1813-1824, September 1957) 

The following effects have been observed: 

1. IVhen the surface of an electret which exlri\~itcd a 
homocharge \ \as planed in a lathe, the sign of the 

Adams’ and Srann’s phcnornenological theories were 
dweloped for short-circuited electrets. It is shoun that 
only whtm shor~circriiting is allowed for can the phe- 
nomenological theory give results describing the expwi- 
mental data for electwts made from carnauba wax 

equivalcmt su r fa s  chargc changed to that of the 
heterocharge. Tlris Iieterocharge then decayed and 
the homoclrarpe finally became dominant again. The 
niagnitud~ of the firial Iiomocharge was smaller than 
that of a control electret which was not planed. 

correctly. Thr  theor) rlcveloptd here is also extend4 to 
new clrctrrts made froni inorganic insulators with e1r.c- 
tricd cwnductivities considtnbly higher than that of 

2. Repeated planing of an electret, with time allowed 
for recovery behwtn successive phings,  resulted 
in reptition of the cycle described above. 
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3. \Val dummies (not subjected t a  an c4ectric field 
during xnanufactiirej which werc given a frictional 
charge and then planed. showed no reversal of sign; 
they did exhibit a small recovery after being planed. 

4. Electrets subjected to 100 pt.rcc*nt rc4ativr humidity 
exhibited an abrupt decrease in equivalent surface 
charge. Removal of the moistrire resulted in a grad- 
ual slight recovery. 

5. The curve relating the equivalent stirface charge and 
the logarithm of the pressure of the air siirrounding 
an electret has the same form as the curve of the 
sparking potential for air vs. the logaritllm of the 
prescure. 

Thus, all the treatments described Itsulted in a decay 
of the Iiomocharge. follon ed by a. partial reco\wy upon 
removal of the disturbing influence. The observed behav- 
ior can he explained in terms of the electret mechanism 
proposed by Cross. ( P A ,  1958, #3977) 

103. ANISOTROPIC POLARIZATION OF 
PHOTOELECTRETS FROM SINGIX 
CRYSTAL SULPHUR 
Zheludev, I. S., Fridkin, V. hf. 
Kristahgrofiya,  v. 3, no. 2, pp. 182-185, 1958 
( in  Russian) 

Siiiglc crystals o f  supposedly ortliortioinhit S were 
poI:tri;letl in various directions and it was sliolvn that the 
anisotropic polarization cltpendd on tlw anisotropic 
phntocontiiicti\-ity of singlrb crystal S. I t  is coricluded that 
the S crystals \vcrc wtually monoclinic and that measure- 
ment of pliotorlcctric charge pro\-idcs a method of inves- 
tigating the anisotropy of pliotoc-.oncfiic.ti\.ity in crystals. 
( P A .  1959, tf12'726) 

104. THE PRODUCTION AND PROPERTIES OF 
NEW ELECTRETS FROhI INORGANlC 
DIELECTRICS 
Gubkin, '4. N., Skanavi, G. I. 
Zzcestia Akademii h'auli SSSR,  Seriya Fizicheskaya, 
v. 32, no. 3, pp. 330-342, 195s (Summary translated 
from the Russian in OTS: PR 141041T-3, 
U. S. Dept of Comrncrcc, Washington. I). C.) 

'The possibilitv of forming t-lectrets in inorganic ceramic 
dielectrics is in\etigated. The materials ~vliicli are t'xam- 
ined include MgTiO ,, Zn'TiO ;. BaO * -ITiO,, CaTiO,. 
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SrTiO ,, HaTiO,, KBr, bismuth strontium titanate, steatite 
and porcelain. The results are surnniarized in tables. ?he 
optimum conditions for forming are given, and the dis- 
charge behwior is investigated. (PA, 1959, # 1 W )  

4 
la. INVESTIGATION OF THE ELECTRIC AND 

OPTICAL PROPERTIES OF POLYMERS 
FORMING ELECTRETS 
Filippova, K. V. 
Zmestia Akademii Nauk SSSR,  Se+iYa Fiicheska ya, 
v. 22, no. 3, pp. 343-351, 1958 (Summary translated 
from the Russian in OTS: PB 141041T-3, 
U. S. Dept. of Commerce, Washington, D. C.) 

E1cctrt.t~ formed from ~~ul~niethslmethacrylate  are 
shown to be optically anistropic:. Tlic :inistropv increases 
almost liiit~arly with the forming field. but there is a 
threshold forniing time of two to three hours at elevated 
temperature, below which littlr anisotropy is induced at 
any field strength. The character of the electret changes 
with the mode of formation in a manner which is not 
correlated with the optical anisotropy, and the optical 
and electrical properties also relax in a different manner. 
It is suggested that thermally activated reorientation of 
the polar OCOCI1, groups is primarily responsible for 
both effects, hut that inore of the pol!-mer chain is 
invol\.cd in the optical change, thus accorinting for the 
differences in forming and relamtian. ( P A ,  1960, #17a5) 

106. PHOTOELECTRET AND THERSWELECTRET 
STATES IN SULFUR SIIiGLE CRYSTALS 
Zheludev, I. S., Fridkin, V. M. 
Zztwstia Akadeniii Nauk S S S R ,  Seriya Fizicheskaya, 
v. 2& pp. 35!24,% I9,W 

P1;itt.s I cm' and 1-1.5 nim thick Lvcre cut from natural 
crystals of  rhombic. S and polished to rnirror-like surface. 
Pol!.irystiillinc samples \ v t w  obtained by melting and 
recrystallization of  tht, plate. The samples were polarized 
b y  illtimi~iation and simultaneously a potential difference 
w a s  applicrcl. I n  thc* siiiglr crystal tbe pcil,ii-ization dec'iyed 
t o  0 in 50 hr. \diereas the polycryst,il conserved 40 per- 
wnt  of t l i e  initial charge after 90 hr. The tlepolarization 
wrrcrit (uith 1iSIit on)  is pr(tportiona1 to the light 
iltttmsit!,. but satiirittion sets in at 5 K 10 w cm2. The 
cfepoliiri/ation current deIwnds on the time of illumina- 
t ion. The degret: of polwimtion depends on the tempera- 
tiirtx, tlte maximum ciirrent hring low :it --- 1OfJ' and rising 
t o  a peak at room temptwtiire. (C.4, 1958, *12489e) 
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107. MULTI-COXlPOh’ENT 
Yanson, Yu. Ya. . 
lzt-estia dkademii ?Vauk 

ORGANIC ELECTRETS 

SSSR, Scriya Fizicheakaya, 
v. 22, no. 3, pp. 359-360, 19% ( Summary translated 
from the Russian in OTS: PB 141041T-3, 
U. S. Dept. of Cmmmerce, Washington, D. C.) 

From investigations 0x1 a number of mixtures of organic 
substances the author finds that the best electret is pro- 
diiced from a mixture of 40 percent Brazil wax, 40 prr- 
cent colophoiiy and 20 percent be~swax. Data are given 
for the character of this dectret with different rrindes of 
forming. It is siiggt.stc.d that dipolar orientation, clectron 
injcxtion and iritt~nal condiictioii may make significant 
contrihticms to tht. elc-ctret polarization. (PA, 1959, 
# 122%) 

108. .4 PIEZOELE<:TRIC: EFFECT IN 
PHOTOELECTRETS 
Zheludev, I. S., Fridkin, V. M. 
Kriatulbgrafiya, v. 3, no. 3, pp. 319321, 19% 
(Translated from the Russian in Sotkt  Phydcs- 
Cnjstaliography, s. 3, no. 3, pp. 3194324, 
May-June 19S8) 

.4 piezoelectric effect in plintcwlcctrets \vas observed 
and investigatcd. The electric charge and ttie piwoelec- 
tric moduli wcw measiirrd in a photopolilrizcd sirigle 
crystal id anthractwe. Reductions in  the chargrs ant1 in 
1-lie pit.r.oc+c.tric n~otlul~ir; r l  : of tfic single cr!.st:il n w c b  

studird diiring its tlc*polarization i i i  the dark. Tests sliow 
tliat tile pic-zoelrctric effect i r i  pliotoclectrets may be 
completrly t*splaint~tl hy a cliangt. in tlie magnitirtlt. of  
t l i r  electric polarization as ;I r r w l t  of stress-indiiced 
c1iangc.s in the gtwnetric s ize  o f  the specimcm. (PA, 
1960, K 117-17) 

109. THE EFFECT OF ELECTRIC FIELD UPON 
THE STRUCTURE OF THIN FILMS OF SOME 

Harada, K., Sakai, T. 
Menwirs of th4 College of Science, University of 
Kyoto, Section .A. Y. B, no. 4, pp. 283-292,31ay 1958 

The tffcct of static. electric tit.ltl applied to tliin films 
of stearic acid and cictadcq.1 ;~lcciIiol ripon tlic* strncture of 
the films was investigated by the method of electron 
diffr;iction T l i c  electric field was applied \dim the1 filnis 
were formctl by e \qmat ion  of sollition or by melting. In 
t l i t  c;iscb of sttJaric acid, soinc definite relation hetwwtn the 
orientation of ttie crystals in thc film and the direction 

DIPOL,IR LONG-C:I%AIN A1OLEC:ULES 

of the applied fi&i was found. In the case of  twtadeql 
alcohol, t l i t ~  applied field affected the lattice dinicnsion 
of the cl?;stals. (P-4, 1959. ti4.063) 

4 
110. ON THE ELECTROSTATIC CHARGING OF 

CdS SINGLE CRYSTALS UNDER THE ACTION 
OF HIGH EIZCTRIC FIELDS 
Biier, K. W., Kiimmel, U. 
Annnlen der Physik, Leipzig, Series 7, v. 2, no. 5-6, 
pp. 217-224,1956 (in German) 

Both positive and negative charge accumulations were 
observed in crystals after a liigh current was pa~sed 
through tliern. The, dependciiw of this charge on the 
magnitude o f  thc. field and the freqiiericy when ac fields 
were used (both in the dark and u.ith weak illumination) 
and its inticxpcndence of the nature of the electrode 
materials. can all be explainc.d on the hasis of a nonhomo- 
geneous bt i lk conductivity which also gives rise to dielec- 
tric (polarization) aftereffects. It is argued that the 
tvnduction process at high fields cannot be explained in 
terms of space-charge limitcd ciirrents initiated by elec- 
tron injection from the cathotlc. as stated by Rose and 
Smith. ( F A ,  197.59, #.UYS) 

111. ON THE M.4KING OF ELECTRET AND 
MEASUREMENT OF 1°F CHANGES OF 
DIELECl’RIC CONSTANT OF A POLARXSED 
ELECTRET FORMING MATERIAL WITH 
TIM E 
Bhadra, T. C. 
Indian Journal of Physics, Y. 32, no. 6, 
pp. B1-296, June 195s 

Electrets \rtire made wit11 cornmt.rcially available car- 
naiiba wax and the influciice of \&age and temperature 
on their formaticin was studied. Attempb were made to 
measure the surface charges with an electrometcr and 
variations uitli time of the tlirlectric constant E and tan 6 
\ v u e  also measured. On application of the field in the 
moltcri condition of thc matcrial. only a fraction of 
the dipoles oricmt in the direction of the field, a larger 
portion orient randomly in all other possible directions. 
.2lignment of the dipoles in the parallel direction increases 
the dielectric constaiit. llore of tlie dipoles orient in the 
parallel direction with time due to the field induced by 
thv dipoh,  tliereby iiicreasiiig tlic value of dielectric 
constant. In the present inbestigation, abnormally high 
increase in the value of  clidectric constant along the 
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on recent arhievements in this field and on the practical 120. CONCERNING THE EFFECT OF AN 

THE FORMING OF ELECTRETS 
Polovikov, F. I. 

w e  of the "electrets" in modem life. (TT, 1960) ALTERNATING ~ E C T R I C A L  FIELD ON 

117. FIELD MEASUREMENTS ON ELECTRETS 
AND STUDIES OF THE FORMATION OF 
T I E  HOMOCHARGE 

Fizikn Tuerdogo Tela, v. 1, no. 5, pp. 783-788, 
M a y  1959 (Translated from the Russian in 
Sooiet Physics-Solid Stcrte, v. 1, pp. 711-715,1959) 

van Calker, J., van der Linde, L. 
Zeitschrift fiir Physik, v. 155, no. 4, pp. 413421, 
1959 (in German) 

Investigations were made on paraffin, naphthalene, 
sulfur, plexiglas, and ebonite for the purpose of clarifyrng 
the effect of an alternating electric field on the nature 
of the long-lasting polar i~t ion.  I t  is shown that treat- 
ment of the dielectric first in an alternating, and then in 
a constant field, in a series of cases leads to an increase 
in the stability of the polarized state, and sometimes to 
a change in tlie direction of polarization. 

The field at various distances from the surface of an 
electret was measured by a small mica probe capacitor. 
The values were consistent with the measured surfacv 
charge, using a formula for the field due to Swam. The 
origin of the homocharge is believed to lit. in direct 
charge transfer from the electTodes when the small air 
gap breaks down. Confirmatory experiments are reported. 
(PA, 1W, #as) 

118. 

121. THE ROLE OF FIELD IN  FORMATION OF 
HETEROCHARGE OF A PHOTOELECTRET 
Golovin, 8. M, Kashukeev, N. T., Fridkin, V. M. 
Doklady Akademii Nauk SSSR, v. 128, no. 1, 
pp. 83-66, September 1,1959 (in Russian) 

CERAMIC ELECTRETS 
Schleicher, E. 
ExperimenteUe Technik der Physik, v. 7 ,  no. 4, 
pp. I68-181,1959 (in German ) An expression is derived for the stationary distribution 

of lieterocharge along the length of the crystal in the 
Specimens of barium titanate of various thicknc.sses 

were polarized, the charge remaining on the eltretrodes 
being rneasured over a period of several months. The 
effect of various electrode materials and of the method 
of storage (on optin or  short circuit) were investigated. It 
was concluded, by testing \'cry thin plates, that a denwr 
line-grained surface skin is producrtf during firing of the 
ceramic. If this is removtd by  Lwinding, the electrode 
metal may diffuse into the body of the sample. {PA, 
lW, If292.5) 

119. EXPERIMENTS OK ELECTRETS OF 
CARNAUBA WAX A K D  THE FORMATION 
OF THEIR HETEROCHARCE 
van Calker, J., Friihlich, W. 
Annulen der Physik, Leipzig, Series 7, v. 4, no. 1-5, 
pp. 21&224,1959 in German ) 

The frozen-in charge was detcrmlned by  reheating the 
wax and integrating the rex'erse current as the charge is 
released. Charging and polariiation currents were also 
measured. The resrifts are interprc5ted In terms of a space- 
charge polarization theory due, to hlacIhnald. The con- 
centration of mobile ions. thelr mobility and a relaxation 
time are calculated. (PA. 1959, $12225) 

., ., 
direction of the applied field. It  follows from the equation 
that the charge on the surface of photoelectret facing 
the anode is directly proportional to the intensity of the 
polarizing field, and the charge on the opposite surface 
is independent of tlie field intensity. (PA, 1930, #DN) 

122. PERMANENT POLARIZATION OF EBONITE 
Polovikov, F. I. 
Fizika Tcerdogo Tela, v. 1, no. 11, pp. 1720-1796, 
November 1959 (Translated from the Russian in 
Sooiet Physics-Solid State, v. 1, pp. 1572-1576, 
1959 ) 

The charge in ebonite polatiztul at a given initial tern- 
peratiire depends on the polarizing field intensity but is 
independent of the duration of polarization. At a given 
polarizing field intensity the magnitude and sign of the 
polarization charge are governed by thermal conditions 
during polari7zition. At  initial polarization temperatures 
1)elow 7O0C hctertxharge predominates in ebonite, while 
at higher temperatures homocharge is mainly induced. 
High-frequency heating of ebonite shortens the duratior! 
of polarization and prodrices larger charges. (PA, 1960, 
# 10022) 

23 



._I 

i 
1 
I 

i 

. I  

-I . 
i 
1 

JPL LITERATURE SEARCH NO. 308 
ELECTRETS-OPEN LITERATURE 

direction of the field was obtained. Wlien the dielectric 
mnstant was mrasured at right angles to the direction of 
the field, the valiies of the treated material were found 
to be lower than those for the control sample. -4lternating- 
current conductivity of the material \vas calculated from 
the measured values of E and tan 6. (PA, 1960, #6159) 

112. THE QUESTION OF THE ELEGTRET S T A T E  
IN NAPHTHALENE 
Beliaev, L. M., Belikova, G. S., Fridkin, V. M., 
Zheludev, I. S. 
Kristallografiya, v. 3, no. 6, p. 762, 
Novernber-December 1958 ( Translated from 
the Russian in Soukt Physics-Cystullography, 
v. 3, no. 6, pp. 772773, January 1960) 

Thernioeltxtrcts were formed from melted naphthalene, 
and photoelcactrets and thennoelectrets from single crys- 
tals of naphthalene. In all cases it was possible to depolar- 
ize completely the electrets by illuminating them with a 
mercury vapor lamp. The results indicate that there is no 
sharp demarcation behveen photoelectret and thermo- 
electret states, and that in hoth, the heterocharge is prob- 
ably due to locnlizcd electrons. (PA, 19660. #13680) 

113. DIELECTHIC RELAXATION POLARIZATION 
AND THE INNER FIELD IN CRYSTALS AND 
POLYCRYSTALS 
Skanawi, G. I. 
In "Semiconductors and Phosphors," 
Schon, M., Welker, H., Editors 
Interscience Publishers, New York, N. Y., 1958 
(PP. 6s6678 1 

It is argued that \\here tht~ crystal structure of a dicler- 
tric is not knowm in sufficiefit detail to enable the inner 
field coefficients to be calculated, valuable information 
on the natiire of the polarizable units may still he obtained 
from dielectric measurements. The outline o f  a theory is 
given which assumes an arbitrary inner field (lntrentz) 
factor and arrives at a set of Dehye cqu:itions. Experi- 
mental results which have been interpreted in terms of 
this theory include measurements on hydrogenated castor 
oil (a wax), pure alkali halide: crystals and ct-ramics in 
the strontium titanate-bismuth titanate series which show 
high perinittivities without being ferroelectric. Recently 
discovered electret-like behavior in titanate dielectrics is 
also mentioned. (PA, 1960, #6%) 
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114. ELECTRETS OF CERAMIC DIELECTRICS 
Turek, M. 
Slaboproudy Ob*, v. 20, no. I, pp. 23-30, 1959 
( in Czechoslovakian ) 

'Ihe phenonwnon of permanent polarization of certain 
dielectrics is briefly discussed and the Adams-Swann 
(1927 and 1950-1953) theory of electrets is outlined. It is 
pointed out that the theory is inadequate in the case of 
inorganic dielectrics and liere the theory of A. N. Gubkin 
is of importance. The Gubkin tlieory is described in 
some detail and the parameters of a number of organic 
and inorganic electrets arc tabulated. The ttdinology of 
the preparation of various titanate cwamic electrets and 
steatite electrets is oi~tlined. Laboratory and engineering 
applications (calectrostatic voltmeters, condenser micro- 
phones. valves, picture hibes, memory elements, high- 
voltage generators, electrostatic induction generators and 
motors, photography) of ceramic electrets are hrietly dis- 
cussed. (EE.4,19%, #2830) 

115. STATICAL CHARGES O F  DEFORMED 
POLYMER 
Bazan, C. 
Acta Physicu P o l k a ,  v. 18, no. 2, pp. 87-92, 1959 

Thin plates of a pol!.viii\:lchloritIc. clamped on two 
sidvs, heated above the softening point and then ccmled 
to room tempwattwe, acquire electrical charges. These 
charges have opposite sign on oppnsitc sides of the sam- 
ple. Plates prtyared in this way sl iow optical douhle 
refraction. From the ohscrvecl patterns one cuncludes 
tllat the chain segments are oriented preferentially in the 
radial direction. This effect may be related to the electri- 
fication of tlie sample. It  is suggested that the asymmetry 
of the electrical crharges may be due to polar group 
orientation. (PA. 1960, # 16008) 

116. ELEKTRETY: ELEKTRICHESKIYE 
BLIZNETSY MAGNITOV (ELECTRETS: 
ELECTRIC .4N24LOGS OF THE MAGNETS) 
Zayev, N. 
Tekhnika Molodezhi, USSR, v. 27, no. 3, pp. 3739, 
1959 (Translation Summary 5919694, September 
17, 1959, obtainable from the Library of Congress 
or Special Libraries Association) 

After ;1 thwrptical explanation of the tklectret structure, 
its analogy to a peimanerlt magnet. and ability to :iccumu- 
late clt-chic energy, the aiithor gives some infomiation 
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123. THE DEPOLARIZATION CHARGE OF 
BARIUM TITANATE A N D  ITS CONNECTION 
WITH T I E  PIEZOELECTRIC EFFECT 
Kobmoitsev, F. J., Izhair, I. A. 
Fixika Tcerdogo Tela, v. 1, no. 12, pp. 1791-1793, 
December 1959 (in Russian ) 

Briefly describes ax) experiment in which disk-shaped 
specimens of RaTiO, were set up for piezoelectric meas- 
urements. The specimens could also he heated through 
the Curie point and the depolarization charge measured. 
The results show that the depolarimtion charge is pro- 
portional to thc piezoelectric modiilrts and the cvlnstant 
was determined experimentally. The result is  in excellent 
agrcvment with theoretical calcrtlations. (PA, 1'360. 
# 10019) 

124. THE PHOTOELECTRET STATE AND THE 
LUMINESCENT AFTERGLOW IN ZnS 
Fridkin, V. hl.  
Doklady Akademii Nauk SSSR, v. 129, no. 4, 
pp. 773-776, December 1, 1959 (in Russian) 

Polycrystalline ZnS was activated with Ctt and Cl, and 
polystyrene was iised as binder. The light sum stored in 
the specinien when escited with light in the absence of 
a field, and thv photoelectret charge arising in the 
same specimtw in identical conditions, brit with a 
field, were nwasitred simultaneously. Thc latter \vas 
meastired b y  the rnetltd of Nadzhakov and Kashukerv 
(1953. 1952); tht .  light m n i  was measured with a photo- 
multiplier and an ~)scillojiraph. It w a s  found that 
the I'h"ti)pol;irization vs. logarithm-of-espos!trc. curie (for 
E = 400 X IO + \v cm?) sliows saturation at Et = 1 0  
w sec,'cm>, Lvhercas, for the  sariic E .  the IiKIit-sum vs. 
lofi"ritttm-of-e.;l~osijre curve s h o \ v s  saturation a t  
10.' w sec cni:. Morcover, \vhile the processes of  forma- 
tion o f  the ptiotoclcctret state in ZnS arc associated with 
tlie fulfillment o f  ttw law of interchangeability, dcviations 
from this law arcs o b s e n d  for the light sum. The after- 
glow in ZnS lasts only a few seconds. whereas the photo- 
electret charge in ZnS keeps  in dccreasing for a few tens 
of hours. An attempt is made to explain thc mcdianisms 
of tlte twv pl~mornena. (PA, 1960, #10023) 

1%. 
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KEW ELECTROPHOTOCRAPHIC PROCESS 
ACCOMPLISHED BY MEANS OF 
COMBINED ELECTRET LAYERS 
Golovin, B. 31., Zheludev, I. S., et al. 
1960 

I 

Doklady Akademii Nauk SSSR, v. 129, no. 5, 
pp. 1008-1011, 1959 (Translation 60-14660, 
obtainable from the Library of Congress or Special 
Libraries Association 1 

Experiments were made with combined electret layers 
in which cadmium sulfide activated by copper and chlo- 
rine was used as the photoconducting layer. The electret 
layer was eIe~-roIominescent zinc sulfide, also activated 
by copper and chlorine. As the binding agent for CdS 
we used polystyrol or epoxide resin. The thickness of the 
CdS layer was approximately 150 p. The dark resistanct: 
was 10' R. Tfie thickness of the electret layer was approx- 
imately 50 p .  The rthtion between the charge of the ZnS 
electret and tlie tension of the polarizing field (dark 
polarization) was linear. The reciprocity law failure for 
the combined clectrct layers was not fulfilled. The mini- 
mum energy, for which the difference for the initial 
depolarization currents is differcnt from zcro { i t ,  0), 
was in one ease 10 \v,'cm2 sec and in tht. otlier case, 
4 X 1 0  w,;cm' stx. (TT,  1960, T-3152, 

126. SOME wFEC:TS OF VAPORS ON ELECTRET 
BEHAVIOR 
Beeler. J. H., Jr., Stranathan, J. D., Wiseman, G. G. 
Journal of Chemical Phygcs, v. 32, 
pp. 432446,1960 

Tlte effects of various v;q)ors on tlir growtli arid decay 
of electret pdarization h:tvc been studied. Particular 
cmpliasis \vas givcw to tlic effect o f  water vapor on poly- 
vinyl acetate. Tlir ol~sewed effects appear to arise from 
two causes: ( I  i a dccreasr in the re4;iration time and 
an increase in thi. inagriitude of the volrtnic: polarization 
following infrision of vapor into the tlic,lectric; ( 2 ,  an 
increase in the transfer of charge by means of interfacial 
discharge at tlie diclectric-electrot= gap. The infusion of 
a polar vapor into a nonpolar solid dieltictric gave anom- 
aloitsly large \.all ies of volume polarization. Thr dielec- 
trics studied wwe pol\viriyl acetate. polyethy lene, two 
,icrylic rvsins. arid carnauba WRX. Thc vapors rised suc- 
cessfully \%we wiitc*r and chlorohenzelic: unsuccessful 
attcmpts M w ( '  made to  m e  lwnzenc. and isopropyl ether. 

127. DECAY OF WAX ELECTRETS 
Perlman, M. M. 
]ourno1 of Applied Physics, v. 31, no. 2, 
pp. 356-357, Februarv 1960 
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The i n t e n d  field within an electret can be varied by 
changing the spacing and arrangement of shielding elec- 
trodes (“partial shielding”). The application of t h s  tecli- 
nique to rosin-wax electrets shows that the charge decay 
observtd upon unshielding electrets is caused primarily 
by volume. polariiation due to internal field rather than 
by external ion cwliection. (PA, 1960, $55261) 

128. THE PIEZO EFFECT IN ELECTRETS 
Gubkin, A. N., Sorokin, V. S. 
Zzvestiu AkaJemii Nauk SSSR, Sen’yn Fizicheskaya, 
v. 24, no. 2, pp. 246252, 1960 (in Russian) 

19% Blowcw Dielectrics Conference. The theory of 
the pie70 effect in tktrets  is developed, H ith special 
reference to the influenw of the gap between the elec- 
trodes and t l i r  specimen. It is cont$ided that there IS 

a genuine. effect, obtained with zero gap, and a ‘quasi” 
effect, obtained with a h i t e  gap. EqwrirnentF with a 
iximber of titanate ceramics show that only barium titan- 
ate and a mixed strontium-bismuth titanate exhibit the 
genuine effect. The nature of  the “quasi” rffwt is studied 
experimentally on t h e  other ceramics. (PA, 1960, #161o;i) 

129. PHOTO-ELECTRET STATE IN ZINC 
SULPHIDE AND TWO NEW ELECTRO- 
PHOTOGRAPHIC PROCESSES 
Golovin, €3. M.. Kashukeev, N. T., Orlov, I. N., 
Fridkin, V. M. 
Fiziku T~~erdogo Tela, v. 2, no 5, pp. 1004-1010, 
May 1960 ( in Russian ) 

The pliotoc4ectrc:t characteristics of pol\vrystalline ZnS, 
activated wit11 Cu and C1 and exhibiting electrolumi- 
nescent properties, were studied. The effcct of the inten- 
sity of the  polarizing field and the energy of illumination 
on the charge of ZnS photoe1wtrt:ts \vas determined, and 
curves, illustrating the polarization (dark. photo, and 
total) phenornvna, were constructed. One of the particti- 
larly ititeresting properties of ZnS photoelectrets was their 
capability of being depolarized by the application of an 
alternating rlectrical field, thc depolarization process 
being accompanied by electroliiminescrncc of the photo- 
electret. It was postulated that these effects may have 
some bearing on the formation of images on electro- 
photographic ZnS and ZnO films, depolarized in an alter- 
nating electrical field. (PA, 1960, #l%l) 

130. CONTACT ELECTRIFICATION AND 
POLARIZATION OF NYLON THREADS 
Arridge, R. G. C. 
British journal of Applied Physics, v. 11, no. S, 
pp. 202-205, M a y  1960 

A study has been made at different relative humidities 
of the way in which electric charges on nylon threads 
decay. For relative humidities of less than about 35 per- 
cent, the charges remain localized and decay in magni- 
tude at very nearly an exponential rate. For relative 
humidities greater than 35 percent the charges spread 
out along the thread and the decay of peak charge with 
time can be approximately represented by a t 5 law 
rdtht:r than by an exponential one. If a diffusion equation 
o f  the type p -1 At 5 exp ( - x2/4 D t )  is applied to the lat- 
ter results, values of the diffusion constant D are obtained 
which are independent, within the accuracy of t h  experi- 
ment, of (1) the sign of charge and (2) whether it was a 
contact charge or a polarization charge. D vanes expo- 
nentially with relative humidity. (PA, 1960, #7056) 

131. ON THE THEORY OF FORMATION OF 
LATENT ELECTROPHOTOGRAPHIC 
IMAGES ON PHOTOELECTRETS 
Fridkin, V. hi. 
Journal of the Optical Society of America, v. 50, 
no. S, pp. 545-!j!jO, June 1960 

The process of formation of persistent internal photo- 
polarization in crystals is considered on the basis of the 
band theorv. The results obtained may be used in analyz- 
ing the process of fomiation of latent electrophotographic 
images. (PA,  1960, #lOO2l) 

132. 

133. 

THE AMATEUR SCIENTIST-HOW TO hfAKE 
AN ELECTRET: THE DEVICE THAT 
PERMANENTLY MAINTAINS AN 

Stong, C. L. 
Scientific American, v. u)3, no. 5, pp. 2Q2-210, 
November 1960 

ELECTRIC ‘CHARGE 

HIGH-TEMPERATURE IIISCHARGES IN 
FERROELECTRIC CERAMICS 
Northrip, J. W. 
JournaLof Applied Physics, v. 31, no. 12, 
pp. 2293-2296, December 1960 

Ceramic disks of barium titanate and lead zirconate 
f 

25 



JPL LITERATURE SEARCH NO, 308 
ELECTRETS-OPEN LITERATURE 

titanate. when heated above lOO"C, exhibit crirrcnt dis- 
charges which cannot be attributed to the ferroelectric 
polarization of the material. These discharges arc largest 
in the temperature interval 300-600°C and depend pri- 
marily on the electrode material and its method of appli- 
cation. Discharges of several millicoulombs at voltages up 
to one-half volt have been obtained from a ceramic disk 
one-half inch in diameter and 30 mils thick having a silver 
electrode and an indium munterelecirode. Although ther- 
moelectric, pyroelectric, and electret effects are observed 

in these s'aniples, these phenomena contribute only a very 
small portion of tlie total discharge. At constant tem- 
perature near 350°C the discharge decays with time as 
the sum of two exyonentials, falling to half maximum in 
periods of the order of one-half hour. .4t higher tem- 
peratures the decay rate increases, while temperature 
cycling produces a voltage cycling superimposed on the 

4 decay. These findings support an explanation of the effect 
in terms of solid-state chemical activity h v e e n  the 
metallic electrodes and the titanate lattice. 
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134. 

ASSOCIATED SUBJECTS 

THERMAL CONDLTCTION IN 
ELECTROSTATIC FIELDS 
Croetbnger, G,, Frey, R 
Phyeikolische Zeitschrift oeteinigt mis dem 
Jahrbuch der Rdouktivitiit und Electtonik, 
v. 36, pp. 292-298, April 15, 19% 

A study of pyrocurrents (currents produced by  change 
of polarization on rise of temperature) in ceramic and 
monocrystalline barium titanate showed that surface 
spacecharge layers are responsible for the observed 
domain configuration. (PA, 1960, #16013) 

In this paper it is shown experimentally that the 
thermal conductivity of certain liquids is altered by an 
electrostatic field. With solids and gases free from a 

electrostatic field could be est.iblished. Senftleben, whose 
results arc challenged by the authors, claims to be in 
agreement with those in the present paper, sincu: the 
experimental arrangements were different, and these are 
not discussed. (PA, 1935, #2619) 

139. ON SURFACE LAYERS OF B ~ T ~ O ,  
Brezina, B., Janovec, V. 
Caechoalovakian Journal of Physics, v. 9, no. 6, 

permanent electric moment, no such influence of an p. 758,1959 

Above the Curie point, a-domain crystals remain 
birefringent near one of the two su r fam perpendicular 
to the polarization direction. A possible explanation of 
the mechanical stress near the surface layer is given. 
(PA, lW, #11744) 

135. THE PRESENT STATE OF THE PHYSICS 
OF DIELECXRICS 
Vul, B. M. 
Eltrkirichesfm, no. 1, pp. 3-12,, January 1949 
(in Russian 1 

A review with a bibliography of 46 references, 45 of 
them being Russian. (PA, 1949, #6292) 

136. THEORY OF ORIENTATION POLARIZATION 
Borgardt, A. A., Finkelshtein, B. N. 
Doklady Akademii &auk SSSR, v. 67, no. 6, 
pp. 981-984, 1949 (in Russian) 

137. ON THE THEORY OF POLARIZATION 
OF DIELECTRICS 
Shakhparonov, M. I. 
Dvklady Ahdemii Nauk SSSR, v. ill, no. 4, 
pp. 815-817, 1957 (in Russian) 

138. THE EFFECT OF A SURFACE CHARGE 

CRYSTALLINE BARIUM TITANATE 
Lure, M. S., Ignateva, 1. F'. 
Fiz ika  Tcerdogo Tela, Sbornik [Supplement] I, 
pp. 190-195, 1959 (in Russian) 

LAYER ON POLARIZATION OF POLY- 

140. rlN INVESTIGATION OF ELECTRIC FIELDS 
IN ANALOG DIELECTRICS 
Douglas, F. C. 
October 19, 1959 
Electronic Defense Lab., Mountain View, Calif. 
TM EDLM155, D A  36039-sc-78281 

' AD-229,201 

An artificial dielectric was used as the analog of a crys- 
tal mudel subjected to an electric field. The polarizabiliv 
of the simulated dipoles was mcasured and compared 
with a theoretical value. The relative permittivity of a 
cubic crystal analog was ohtaintd as a function of the 
n u m h  of planes of dipoles it contained; the relative 
permittivity of a tetragonal crystal analog was obtained 
as a function of the axis of symmctry lattice constant. An 
attempt was made to verify a theoretical polarization 
expression for the local field at a lattice point in a tetrag- 
onal crytal. (ASTIA) 

141. X-RAY INDUCED ELECTRICAL 
POLARIZATION IN GLASS 
Proctor, T. M. 
Physical Reciew, The, v. 116, no. 6, pp. 1436-1440, 
December 15,1959 

Electrical polarization was induced in a Iead silicate 
glass by thc action of X-rays. This phenomenon is sur- 
veyed c*xpcrimentnlly as a functkm o f  total dose (incident 
and ahsorhed), dose rate, X-ray tube potential, radiation 
temperature, and temperature at which the polariiration 
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is released and measured. Net  surface charges uf the 
order of 10 ’ coulomb em2 can be obtained from 3 mm 
thick sample irradiated at room tenipcriiture H ith 10’ 
roentgen of 2% kv X-rays. To the first order, the build-up 
and decay o f  this contlitiori seeins to follow the norri1,iI 
clt.ctrical rclalrat~on a s  can be theorc~tically predicted 
from the dielectric and resistivity constants of the mate- 
rial (. -= pel. Measured surface charge is shown to he 
proportional to absorbed dose for smaller doses; ho\\ ever, 
for greater doses final equilibrium in tile polarization is 
reached when back electrical canduction becomes as 
large as the fonvard X-ray induced displacement current. 
The dependence of measured surfaw charge upon t h .  
sample thickness was experimentally investigated for one 
case. (PA, 1960, #El%) 

142. THE EFFECT OF PRESSURE ON PIEZO- 
ELECTRIC PROPERTIES OF BARIUM 
TITANATE 
Rotenberg, B. A. 
Fizika Tverdogo Tela, v. 1, no. 12, pp. 1777-1781, 
December 1959 (in Russian) 

The piezoelectric polarization, P, induced in barium 
titanate was studied using hydrostatic (three-directional) 
and unidirectional pressurc 011 monocrystals, and using 
hyclrostatic, two-tlirwtional and irnidirrutional pressure 
on polycrystals (UaTiO, ceramics j. On hydrostatic com- 
pression tlic piezotktric polarimtion varied linearly 
with prrssure up to IOMl kg ,cm‘. The anomalous 
Iwtiavior of the pit-zoelrctric polarization on uitidirec- 
tional and two-directional comixrssion (mauima arid a 
cl-iange of sign of P at liiqli pressures) w a s  due to domain 
reorientation by rnrchanical stresses. (PA,  1960, $117483 

143. CONTRIBUTIONS TO THE SECOND 
ALL-UNION CONFERENCE ON THE 
PHYSICS OF DIELECTRICS 
Zzeestya Akademii Nauk SSSR, Sm‘ya 
Fizicheskaya, v. 24, no. I, pp. 1-112; 
no. 2, pp. 114-256,1960 (in Russian ) 

The conference was held November 20-87, 1959, in 
Moscow. Thirty-four papers were presented, abstracts of 
which will be p~ihlislied (tinder the appropriate headings) 
in this or succeeding issues of P h y ~ i c s  Ahsfrwts. (FA, 
1960. #16003) 

144. THE KINETICS OF IONIC CONDUCTIVITY 
AND ELECTRICAL POLARIZ.4TION 
IN SOLIDS 
Khait, Yu. L. 
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lzeestiya Akadernii h’auk SSSR,  Seriya 
Fizicheaka!yn, v. 24, no. 2, pp. 202-21 1 ( Discussion, 
pp. 212-214), 1960 ( in Russian) 

1958 ~losco\v Dielectrics Conference. V’ses methods of 
statistical physics, with a menn friw path, for calculating 
the speed of activated procvsses in solids in external fields. 
Processes occurring in a dielectric in an electric field can 
be cwnnected with the heat conductivity and other non- 
electrical quantities. The mean free path must be derived 
from experiment. (PA, 1960, #IsO86) 

145. T€fE EFFECTIVE FIELDS IN CRYSTALS 
Bogotnolov, Yu. V. 
Fizika Toerdogo T e h ,  v. 2, no. 2, pp. 297301, 
February 1960 ( i n  Russian) 

A generalization of the L,orenL-Lmentz formula is given 
for the case of a crystal and includes terms up to the order 
of Q:~  (a is the polarimhility). To this approximation, the 
‘‘crystal” polarizahilities of the naphthalene molecule 
have been calciilattd as ( m ; , m : , ~ . , )  -= (10.2,15.U6.3) X 
l O ” ‘ c ~ n  ,’. The usual Lmenz-Lorentz formula gives (12.3, 
18.6,21.4). as compared with Sitndrarajan’s values of (10, 
19.27). ( P A ,  1960, #11736) 

146. %iETHODS OF MEASURING A HIGH- 
VOLTAGE POLARIZATION POTENTIAL 
Prokopalo, 0 . 1 .  
Fiziku Tcerdogo T e h ,  Y .  2, no. 2, pp. 302-305, 
February 19Go (in Russian) 

T’lir eqiiivalmt circriit of a polarized dielectric is com- 
plicated in the general cast’ but can he usrtl: (1) when ;I 
thin layer is formed at the electrode, and (2) whrn the 
potcntial distribution is linear. The eqiiivalent circuits in 
these two caws throw light on the limits wittiin which 
each of tlie various rnetlrods proposed for measuring 
polarization in clielectrics can be applied. An expression 
is found for the recorded elr:ctromctc.r potentid as a func- 
tion of  time in the case of a linear distribution and veri- 
fied by an experimental cun.e for RaTiO,. (PA, 1960, 
?t 1 3G5q 

147. PYROELECTRICITY, INTERNAL DOMAINS, 
AND INTERFACE CHARGES IN 
TRICLYCINE SVLFATE 
Chynoweth, A. G. 
Physical Reokio, The, v. 117, no. 5, pp. 1235-1243, 
March I ,  1960 
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Using the dynamic pyroelectric technique, tlrr spon- 
taneous polarization of triglycine sulphate was deter- 
mined behveen the Curie p i u t  and - 13O’c. N o  evidence 
of any phase transitions over this temperature range was 
found (other than the Curie point). The polarization 
could still be reversed by an applied field. though slowly, 
a t  the lowest temperatures attained. In the paraelectric 
region above the Ciirie point, the pyroelectric behatior 
shows some deviations at tow applied fields from the pre- 
dictions of Devonshire’s tlreory. The cause of these devia- 
tions is not known but they may be due to uniform 
conditions, either mtdianical or electrical, in the crystal. 
With DO field applied to the crystal, pyroelectrical sig- 
nals can be generated temporarily above the Curie point. 
These are ascribed mainly to polarimtions iridriced hy 
the cmrnpcwation charges. whilt. tiley last, whicli ’accu- 
mulate around rc,sidrial domains that cannot be removed 
by the poling fidd at room temperature. These residual 
domains have been delineated using po\vder pattern and 
etching techniques and are revealed as long thin domains, 
pointed at both ends and lying along the ferroelectric 
direction, either in the interior of thc crystal o r  intwcept- 
ing the surfaces. The causes of these persistent domains 
are not known. It is fbund that on cooling a crystal 
through the Curie point, there is a strong tendency for it 
to rcpolarize with the same polarit). it  had previously. 
This phcnomenon is ascribed to the piwsmce of fcrroelcc- 
trically inactive surface layers giving rise to  interface 
chargcs. (PA, 1W0, #6160) 

148. SPACE CHARGE FIELDS IN BaTiO. 
Triebwasser, S. 
Physical Review, The, v. 118, no. 1, pp. 100-105, 
April I, 1960 

Observations were ma& in the prescrice of dc electric 
field bias of: (1) hysteresis loops; (9) double loops above 
the Curicx point: (3j Kerr electro-optic. c>ffect abovc the 
Curie point; and (4) capacitance above the Criric p i n t  
in BaTiO,. Thc prirpose of these experiments was to  
determine fitnld distributions in the crystal rinder at1 
eutrrnally applied difference of potential and examine 
the extent to which space-charge sirdace lasers cancel 
the bulk field. Tlrt. first three types of observations were 
qualitative in nature. The biased hystcresis loops show 
normal behavior with no evidence of field cancellation. 
Double foop mcatircments show some c.\.icfence of fidd 

cancellation, while Kerr elrc.tro-optic mvasurements show 
stronely nonuniform fields indicating anoInalous space- 
change fields. The rneasurenients of capacitance above 
the Curie point indicate that surface layers build up in 
the presence of a dc field. and these surface layers have 
a capacitance that varies with applied voltage. ‘The results 
can be understood qualitatively if simple Schottky exhaus- 
tion barriers are assumed at the t w o  metal electrode 
crystal contacts. Observed asymmt.trics with respect to 
the applied fields are discussed. (PA, 1960, #10020) 

119. INFLUENCE OF CRYSTALLW.RAPHIC 
ORIENTATION ON THE CHANCE 
FORMATION DURING PHASE 
CHANGES IN SOLIDS 
hiascarenhas, S., Freitas, L. G. 
Journal of Ayplied Physics, v. 31, no. 9, 
pp. 1684-1685, September 1960 

The effect of  charge separation during phase changes 
(Costa Ribeiro effect) is stridied with naphthalene single 
crystals. By properly swding the mtrlt it \vas showm that 
the effect is dependent on crystallographio orientation. 
Values of thc trapped c.hargt: are :32 >( IO-!’ coulomb ‘g 
for grtiwth norinal to  c l r~vage  plant!. 2.5 K 10 ‘ cou- 
Ioinb..’g for gro\vth along 0 axis, m t l  2.9 >< 1 0  !I coulornh, g 
for growth aloiig t h t .  solid phase this ohscw‘ition may bc 
important in n ine  refining tcachriiques. If  it is due to 
an rltactroiiic r4fec.t this points-otrt IO i i n  orientation- 
depcndent rloubk layer ;it thc solid-liqiiid intvrface. (PA, 
1960. 2 lfXM)5) 

150. THE ELECTKICrlL PROPERTIES OF SOME 
NATURAL WAXES 
Callinan, T. D., Parks, A. hi. 
Electrochemical Society, Journal of the, v. 107, 
no. 10, pp. 799-803, October 1900 

?‘ht~ dic4ectric constants and dielectric loss factors of 
carnaiiba. orincuri. and 4nierican montan wax. deter- 
mined o k v r  ‘i tcmperature range from -60 to WcC and 
at frequencies of 0.1, 1, 10, and 100 kc. indicate that the 
compment omega-hydroxy acid esters rotate in the solid 
Ftatc in t!w ttvperatlirr regitm 2.570”C: From dipole 
measurements, the molt~cirles were found to possess a 
trans-tran5 ronfig~iration. (PA. 1960, $ I8089) 
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